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10. To find the characteristic of the motor at any given load 
we must eliminate 9 and ¢ between the equations 


p=cecos ¢, 
sin 0= . 
and KH? =e? + I%c? + 2Ice cos (0—¢). 


The eliminant is 
H2—#— [#2 = 2p = 28 V Pet p®, ..), a (8) 


which is the required general relation between e and c. 

11. In the paper referred to above, Steinmetz calls equation 
(8) the Fundamental Equation of the Synchronous Motor : the 
equation is there developed and plotted ; results are obtained 
directly from equation (8), but the development is so cum- 
brous that the writer thinks that his simple treatment may 
benefit those interested in the subject of Alternate Current 
Motors. 


Discussion. 


Prof. 8S. P. THompson said that the mathematical part 
of the paper was much simpler than that in previous in- 
vestigations on this subject, and the method of arriving at 
the results by rejecting imaginary roots of the equations 
was particularly neat and instructive. The part of the paper 
relating to armature reactions and phase relationships was 
quite new. Two results deserved special attention ; first, 
that the maximum current of zero power was the same as if 
the circuit was non-inductive ; second, that the maximum 
current at zero power was double the current corresponding 
to maximum output. 

Mr. BuaKusLeyY said that the paper did not consider the 
stability of the system, and he thought some of the results 
corresponded to regions of instability. 
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XLIV. A Theory of the Synchronous Motor. 
By W.G. Ruovzs, M.Sc.* 


[Continued from p. 509.] 


Armature Reaction in a Single Phase Alternate Current 
Machine. 


12. In the foregoing analytical treatment the magnitudes 
only of 0, ¢, and are considered. We proceed to investigate 
the signs of these angles in order to determine the lags or 
leads of the E.M.F.’s over the current and to apply the 
results to find out whether the field excitation of generator 
and motor is strengthened or weakened by the reaction of the 
armature currents. 

13. It will now be convenient to slightly alter the meanings 
of the symbols. 


Let E=virtual value of generator E.M.F. 

aa, ; counter E.M.F. of motor (as be- 
fore) ; 

R=total resistance in circuit consisting of generator, 
motor, and line: 

L=sum of coefficients of self-induction of generator 
and motor armatures; or, if the line possesses self- 
induction, the coefficient of self-induction of the 
whole circuit ; 

J =impedance of the complete circuit ; 

S =reactance of the complete circuit. 


14. The H.M.F. Re which drives the current is the re- 
sultant of E, e, and Se; so that H, ¢, Sc, and Re reversed 
form a system of H.M.F.’s in equilibrium. 

In fig. 3 let the positive direction of rotation be counter- 
clockwise, and let Oc be the direction of the current. The 
instantaneous value of the current does not concern us at 
present. Take OR’ equal to Re reversed, and consequently 
opposing the current; let OS’=Sc, lagging behind the current 
by a quarter of a period. The resultant, OT’, of OR/ and OS* 
will then be equal and opposite to the resultant of E ande. If, 


* Read June 28, 1895, 
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therefore, we produce T’O to T and make OT=OT,, OT will 
represent in magnitude and direction the resultant of E and 
e. If, now, we are given the magnitudes of E and e we can 
find their directions by the parallelogram law. Now two 
parallelograms can be constructed having OT as diagonal 
and H, e as adjacent sides, but, since E is the E.M.F. of the 
generator, we take that which gives the component of E along 


Fig. 3. 


Oc in the same sense as the current. The other parallelogram 
would make e the generator. We may notice that the possi- 
bility of constructing these two parallelograms affords a proof 
of the fact that, in general, either of two alternate current 
machines may be driven as a motor by the other, irrespective 
of their relative E.M.F.’s. An analytical proof of this is 
given by the energy equation 
pt+?R=cH cosy, 
remembering that 
p=ece cos d, 

and that ¢ and w are independent. 

The condition that E represents the generator E.M.F. 


limits our choice of the two parallelograms to OETe (fig. 3). 
2mM2 
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We then have 
angle cOH =y, 


angle cOT’ =8@, 
and angle cOe =¢. 


15. Now through T draw PSTQ parallel to the line of 
current, and draw PM, SO, TR, and QN through e, O, T, 
and Q respectively, at right angles to the line of current. 

We have 

Se S QanL 


Sy oral tS wae R > ° . (9) 


that is, 9 is independent of the current and OT is a fixed 
direction relative to Oc so long us the speeds of the machines 
are kept constant, and L is considered constant. 
16. In fig. 8, OS (or PM) is proportional to the current, 

[=2nLc] ; 

OM is the component of e directly opposing ¢, 

OR is the H.M.F. required to overcome resistance, 

[=Re]; 

and ON is the component of E in the direction of ¢; 


hence, rectangle PSOM is proportional to the output of the 


motor [p]; 
rectangle OSTR is proportional to the c’R losses ; 
and rectangle OSQN - o output of 


generator [cH cos w]. 
From this, and the equation 
pt+eR=cE cos yp, 
it follows that the efficiency of transformation 
_oM_ om 
ON” MR’ 
17. If the output of the motor is kept constant, we have 
rectangle PSOM=constant, 


and the locus of P is a rectangular hyperbola having OM and 
OS as asymptotes (fig. 4). > 

Take any point P on this hyperbola. We have seen (9) 
that OT has a fixed direction relative to Oc; and the point T 
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(fig. 3) on this direction is found by drawing through P a 
line parallel to Oc. Again, e lies on the line through P 
parallel to OS and eT=E, in magnitude. Let the E.M.F. of 
the generator be kept constant and equal to E. With centre 
T and radius E describe a circle cutting PM in eandé; 
then the corresponding counter E.M.F. of the motor may be 


Fig. 4, 


Saas) 


either Oe or Oe’, and the current is represented in magnitude 
by PM: that is corresponding to given values of E and ¢ 
there are two values of e. The relative phases in the two 
cases are shown in the parallelograms OeTH and O¢TH! 
(fig. 4). 

18. To find the point P! on the hyperbola corresponding to 
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minimum current we have to bring the points e and ¢’ into 
coincidence. The point P’ is obviously got by taking OH,’ 
equal to E and through E,’ drawing Hy'P parallel fis OT: 
The resulting parallelogram OP’ TE, shows that the generator 
H.M.F. is in phase with the current. E 

19. Suppose now that the excitation of the generator field 
is kept constant while that of the motor is varied. 

When the motor excitation is small, as Oe (fig. 4), we see 
that the current leads over the motor EH.M.F. and lags 
behind the generator E.M.F. 

When e exactly opposes ¢, the latter lags behind E. 

When E and ¢ are in phase (minimum current), ¢ lags 
behind e. 

When e is still further increased, as Oe’, ¢ leads before E 
and lags behind e. 

This explains the condenser action of an over-excited 
synchronous motor noticed by Professor 8. P. Thompson and 
others. 

20. It is known that a leading current strengthens the 
field of a generator and weakens that of a motor, while with 
a lagging current the reverse is the case. We ieee con- 
clude that when the excitation of the motor field is small, 
armature reaction weakens the fields of both generator and 
motor, and when the motor is over-excited both machines 
have their fields strengthened. When working at minimum 
current, armature reaction strengthens the motor field and 
does not affect the field of the generator. 

When the motor field is unaffected, the generator field is 
weakened. 

21. Now the field of the motor is, under ordinary working 
conditions, excited to a somewhat greater extent than is 
required to obtain minimum current; for, though the ?R 
losses are a minimum and the efficiency a maximum when the 
current is a minimum, it is advisable to increase the counter 
E.M.F..to a certain extent in order to cope with accidental 
variations of the load. Under ordinary working conditions, 
therefore, the effect of armature reaction is to strengthen the . 
field of the motor and also of the generator, but to a less 
extent, 

22. We now proceed to obtain an expression for the altera- 
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tion, in ampere turns, of the field excitation due to armature 
reaction. 

Let ¢ be the displacement of phase of the current over 
the E.M.F. of the machine; n the number of turns of wire 
in one section of the armature; 7 the virtual current, and 
% sin pt the instantaneous value of the current, so that iy 
is its maximum value. 

It has hitherto been customary to assume that the alteration. 
in the excitation is given by the expression 


PRAT eh ont aes + FU (10S 
where ¢ is expressed in circular measure. 

Now it is not the wrtual current to which the armature 
reaction is due, but the mean value of the current through an 
angle ¢@ on each side of its maximum value; that is, the 
proper value of the current is given by 


= 49)2 
I= ) ’ "iy sin pt dt 
9) ¢-2) 


ty 3 
=—sin ¢. 
ree 
And, remembering that i= “2.7, we get 
fa Metin gd: 


Thus the proper expression for the alteration of the field 
excitation in ampere turns is 
2Ing 

or 

D/O resin Pay ies et Re se) 
To find the total excitation of the field we must add expression 
(11) to or subtract it from the ampere turns on the field 
according as the current leads or lags in a generator, and 
lags or leads in a motor. 


DIscussION. 


Mr. TunzeLMANN expressed a hope that the author would 
amplify parts of his paper. 
Mr. BuaxesLey said the conclusion of the author, that 
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“either of two alternate current machines may be driven as 
a motor by the other, irrespective of their relative E.M.F.’s,” 
is not invariably correct. The facts of the case were these:— 
The E.M.F. of the motor may exceed that of the other 
machine to a certain extent; but that H.M.F. multiplied by 
the cosine of the angle of electric lag must yield a product 
not greater than the E.M.F. of the generator,—. e., using 
Mr. Rhodes’s symbols, ecos @ must not be greater than E. 
Mr. Blakesley gave a geometrical proof of this; but the same 
proposition had been given by him some ten years ago, in 
the course of investigating the subject generally. This was 
at a time when Dr. John Hopkinson was, with less than his 
usual perspicuity, teaching that synchronous alternate cur- 
rent machines could not be run in series with stability, both 
doing work. Referring to the author’s diagrams, Mr. Bla- 
kesley said that in a problem involving so many elements 
as that under consideration, it was impossible, with the 
limited dimensions of space, to represent the results with the 
complete generality of a formula. Some elements had to 
be taken as the independent, others as the dependent, variables. 
The author had considered the power transmitted to the 
motor, the E.M.F’. of the generator, and the angle of electric 
lag, as independent; the H.M.F. of the motor as dependent. 
In Mr. Blakesley’s original diagrams the E.M.F.’s were both 
considered independent, as well as the electric lag, and the 
powers applied or transmitted as dependent variables. In 
any case the formule properly derived from such diagrams 
became perfectly general, and it did not appear to him that 
the change of method indicated could properly be called a 
new theory on the subject. As a matter of fact, diagrams 
based on the independence of the E.M.F.’s and the electric 
lag would furnish a better means of discussing the question 
of the stability of the motion than Mr. Rhodes’s plan, and 
this might account for the entire omission from the paper of 
this important matter. 

Prof. 8. P. Taompson said it was impossible to discuss the 
question of stability till the subject of armature reaction had ° 
been thoroughly investigated. The terms lag and lead had 
been used by Mr. Rhodes in a consistent manner ; but this 
was not always done, and he recommended that the phase of 
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the current which was common to both generator and motor 
be taken as the standard. 

The Author, in his reply, said he agreed with Mr. Blakesley 
that there was a limit to the extent to which the motor might 
be excited, and this upper limit could easily be obtained 
from the figure given in the paper. The question of arma- 
ture reaction was, however, most important, as it might 
excite the field two or three times more than the original 
excitation. Since motors were designed to do a certain 
amount of work, and not the work to fit the motor, it was 
most natural to take the output of the motor as fixed. 


XLV. On the Use of an Iodine Voltameter for the Measure- 
ment of Small Currents. By HE. F. Herroun, F.I.C., 
Professor of Natural Philosophy, Queen’s College, London*. 


THE instruments in general use for the direct measure- 
ment of currents by electrolysis, as in the determination of 
reduction factors of galvanometers, comprise the hydrogen, 
silver, and copper voltameters: each of these possesses cer- 
tain advantages, but none is free from defect. When occasion 
arises to make a large number of determinations of relatively 
small currents, the difficulties attending their use become more 
manifest. 

Some of the defects of the ordinary types may be briefly 
stated. The hydrogen voltameter, consisting of platinum 
plates immersed in dilute sulphuric acid, has the following 
disadvantages :— 

1. It acquires a large counter electromotive force of pola- 
rization, so that the current, on first joining up, is very 
inconstant. 

2. Its internal resistance is subject to considerable fluc- 
tuations, according to the rate and mode of disengagement of 
the electrolytic gases. 

3. Oxygen present in the dilute acid, or migrating from 


* Read May 10, 1895. 
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the anode, diminishes the amount of hydrogen collected, and 
so causes the current to be underestimated. 

4, When small currents are being measured, the bubbles 
which cling to the electrodes or sides of the graduated tube 
cause an appreciable error. 

5. Calculation of the current-strength is rendered difficult 
owing to the necessity for correcting the volume of gas for 
temperature, barometric pressure, and for the tension of 
vapour of the dilute acid employed, which last is frequently 
not exactly known. 

In the silver voltameter the foregoing objections do not 
hold, with the exception of No. 3; for dissolved oxygen has 
been found to affect the yield of silver, a greater amount 
being obtained when the electrolysis is conducted in vacuo 
or hydrogen than in air. But in the silver voltameter the 
experimental difficulties in washing, drying, and weighing, it 
may be only a few centigrammes of silver, involve a large 
expenditure of time ; or if the weight of deposited silver be 
increased by prolonging the current, the difficulty of main- 
taining it constant is greater. 

The difficulties which exist with silver are still more 
apparent with copper ; for, as its chemical equivalent is much 
smaller, the weight of copper yielded by a given number of 


coulombs is only ae of the weight of silver. In addition, 


its greater readiness to oxidize may cause the deposit of 
copper to become superficially oxidized in the process of 
washing and drying. This, however, may partly compensate 
for the defect in weight due to dissolved oxygen round the 
kathode. 

If a list of the electrochemical equivalents of elements be 
examined, next to mercurous mercury, the one which has the 
highest value will be found to be iodine; and it is curious 
that, although the liberation of iodine from potassic iodide 
was very early used to detect electric currents, no attempt in 
recent years seems to have been made to utilize it for quan- 
titative measurements. 

As iodine is an anion, dissolved oxygen, which diminishes 
the yield at the kathode in other voltameters, will have no 
such action in a neutral solution of iodide ; and as its colour 
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reaction with starch is extremely sharp, and its titration with 
standard sodium thiosulphate a process of greater accuracy 
than the performance of the average balance, the exact deter- 
mination of the amount of iodine liberated by a current is 
both easy and rapid. 


_ EXPERIMENTAL DETAILS. 


A voltameter consisting of platinum plates in a solution of 
potassic iodide is not suited for quantitative measurement ; 
as, upon electrolysis, it yields caustic potash and hydrogen 
at the kathode, the former of which by diffusion would come 
in contact with the iodine set free at the anode, converting it 
into iodide and iodate. If this were all it would be easy to 
acidify after electrolysis, when the iodine would be again set 
free; but there is besides the additional disadvantage, that a 
rather large electromotive force of polarization is set up 
between the electrode surrounded by hydrogen and KOH 
and the one surrounded by iodine. 

The solution actually employed was a 10 per cent. to 15 per 
cent. solution of neutral zine iodide (a solution that keeps 
well if a small strip of zinc be suspended in it). The anode 
was a plate or disk of platinum placed at the bottom of a tall 
narrow beaker and joined by a platinum wire, sealed through 
a glass tube extending beyond the top of the beaker, to the 
outside circuit. In this way all the iodine is liberated at the 
bottom of the column of liquid, and, owing to its high density, 
tends very little to diffuse upward. The kathode was a rod 
of amalgamated zinc, loosely jacketed with filter-paper or 
linen. The zinc rod should be supported so that it only dips 
a few centimetres into the top of the liquid, thus diminishing 
the liability of any of the liberated iodine coming in contact 
with it. The jacketing was found necessary to prevent par- 
ticles of electro-deposited zinc becoming detached and falling 
into the solution of iodine at the bottom of the cell. 

When used with currents not exceeding 35 of an ampere 
and an anode of 9 square centimetres, it was found that no 
iodine diffused up to the level of the kathode in experiments 
of over an hour’s duration, the cell being kept completely at 
rest. With feebler currents, lasting for a protracted time, it 
was found advisable to use a U-tube with a good plug of 
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asbestos in the bend, filled with the zinc-iodide solution and 
having a platinum plate and zinc rod in the two sides of the 
tube ; but naturally with this form the resistance was much 
greater than with the beaker form. 

With large currents “ electric convection ” leads to diffusion 
of the iodine through the whole liquid, and therefore the 
author does not consider it well adapted for their measure- 
ment, except for approximate, rapid determinations. 

In the Report to the Board of Trade of the Electrical 
Standards Committee, the importance is pointed out, in using 
a silver voltameter, of having a considerable wire-resistance in 
the circuit to mitigate the effect of change of resistance in 
the voltameter itself: the same precautions apply to the iodine 
voltameter and a slight readjustment of the resistance at first 
employed is usually necessary to keep the current, as 
indicated by a galvanometer, constant. This is owing to a 
small change in the adverse electromotive force, but if a 
battery of fairly high H.M.F. (ex. gr. 3 Grove cells) be em- 
ployed, controlled by a moderately large resistance, the current 
may be kept very constant. 

After the iodine voltameter has been in circuit for a time 
which will vary with the degree of accuracy required and the 
actual strength of the current, the latter is stopped and the 
zinc kathode is immediately removed from the liquid. ‘he 
solution is then stirred up, and the amount of free iodine 
determined by direct titration with standard sodium thiosul- 
phate solution, after the addition of starch. Taking the 
electrochemical equivalent of iodine as ‘001314 grm. per 
coulomb, a convenient strength of sodium thivsulphate solu- 
tion is one of which each cubic centimetre reduces five times 
this amount (1 cub. centim. = ‘00657 grm. I): this corre- 
sponds to a solution containing 12°845 grms. of pure sodium 
thiosulphate per litre; but it is necessary to standardize it 
from time to time with a standard solution of iodine, as its 
value is liable to change somewhat on keeping. 

As pure zinc iodide is not always readily obtainable, though 
it can be easily prepared, the author has found that a solution ° 
of 15 per cent. zinc chloride, to which about 5 per cent. 
potassic iodide has been added, may be substituted for pure 
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zinc iodide. Any chlorine, even if liberated, which is im- 
probable with small current-densities, would at once yield its 
equivalent in iodine without escaping, and should any caustic 
potash form at the kathode it would merely produce zinc 
hydrate and potassic chloride. 
A single example of the accuracy and rapidity of the 
method, selected from laboratory notes, may here be given :— 
“ Dec. 19, 1894.—Current through calibrated galvanometer 
= 20°. 
Time current was passing = 2 hours. 
Weight of silver deposited = 0°2122 grm. 
Current (from above deposit) = 0°0264 ampere. 


The same deflexion (20°) obtained using iodine voltameter. 
Time = 30 minutes. 
Jodine liberated required 9°6 cub. centim. of standard thiosul- 


phate sol. 9°6x5=48 coulombs. Current= 
amp.” 1 

The latter result is seen to be in fairly close agreement with 
that obtained with the silver voltameter, but slightly higher, 
as was to be expected from the reasons stated above. It will 
be noticed that the duration of the experiment was only a 
quarter of that with the silver voltameter. 

In conclusion the points which recommend the iodine 
voltameter in the author’s opinion are as follows :— 

1. Its freedom from the effect of dissolved oxygen which 
gives “low” results with kationic voltameters. 

2. The relatively short duration of the current necessary to 
obtain results of fair accuracy. 

3. The rapidity of the volumetric estimation of the liberated 
iodine. 

4, The ease and rapidity in calculating the results. 


Discussion. 


Prof. Cargy Foster considered this process for measuring 
currents a most valuable one. The idea of using a volu- 
metric method for measuring currents was, to him, new. 
He did not, however, see the advantage of using a substance 
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with a high electro-chemical equivalent if a volumetric 
method was employed to estimate the quantity of the sub- 
stance liberated. It would be possible to use a chloride, 
though in this case the titration would probably be less 
accurate. 

Prof. Smvanus THompson said he thought the method 
would be very valuable, but he would like to know if any 
error was likely to arise if too great a current density was 
employed. The number the author had assumed for the 
atomic weight of silver (108) was only approximate; if the 
more accurate value 107°7 were used the agreement between 
the results obtained with the silver and iodine voltameters 
would be improved. 

Mr. Trorrer asked what was the largest current that could 
be accurately measured. 

Mr. Enricur said he had used porous diaphragms in iodine 
voltameters, and found that the iodine collected in the posi- 
tive compartinent, while the water was driven over into the 
negative compartment. With strong currents it was possible 
to get almost pure iodine left in the one compartment. 

Mr. Watson thought that since the value for the electro- 
chemical equivalent of iodine used by the author was deduced 
from Rayleigh’s value of the electro-chemical equivalent of 
silver, and that Rayleigh’s experiments were performed in 
air, the difference obtained with the silver and iodine volta- 
meters could hardly be due to the cause suggested. 

Mr. ExpER warned the members that volumetric measure- 
ments were not so accurate or easy as they seemed. He 
particularly mistrusted a solution of sodium thiosulphate, 
since he had founda solution of this substance to change 
even in twenty-four hours. The difficulty of accurately 
reading the burette might be overcome by weighing the 
burette and its contents before and after the titration. 

The Author, in his reply, said that with the size of elec- 
trodes he used (about 9 sq. cm. surface), 0°1 ampére was 
the maximum current it was safe to use. The only substance 
likely to be produced by too great a current density was, 
periodate, which, since it was insoluble, would immediately 
be noticed. The influence of the dissolved oxygen was only 
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appreciable with small currents where the electrolysis lasts 
some time ; while in Rayleigh’s experiments large currents 
were employed. 

The CHatrMAN, while returning thanks to the author for 
the paper, mentioned that in his experience he had found 
zine salts to be very untrustworthy. 


XLVI. On the Condensation and the Critical Phenomena of 
Mixtures of Ethane and Nitrous Oxide. By Dr. KuEnen*. 


1. Brrorg relating the results arrived at in this investigation 
I shall have to give a short account of the course of thought 
which led to the choice of the subject. 

My experiments on the conduct of mixtures are based 
upon the theory of Prof. van der Waalst. Van der Waals 
“describes ’’ the properties of mixtures by means of an iso- 
thermal surface, the coordinates of which are the composition 
of the mixture 2 (0<#<1), the volume »z, and the free energy 
ab (r=e— tn; e = energy, n= entropy, t= temperature). On 
this surface there appear plats §, which determine the coexist- 
ence of two or more phases. Those points of these plaits which 
have a common tangent plane represent the phases which 
may coexist at the temperature for which the surface is con- 
structed, and at a pressure indicated by the slope of the 


tangent plane (p= — oY) The double curves traced out by 


rolling the tangent planes over the plaits are the so-called 
connodal curves. It may happen that the plaits terminate on 
the surface itself (z. e. between the planes for which «=0 and 
a=1). In that case the coexisting phases approach each 


* Read May 24, 1895. : 

+ Kuenen, Archives Néerl. xxvi. pp. 354-422 ; Zettschr. phys. Chemie, 
xi. pp. 38-48; Verhand. Kon. Akad, Amsterdam, passim ; Communica- 
tions from the Labor. of Physics, Leiden, Nos. 4, 7, 13. | 

t{ Van der Waals, Archives Néerl. xxiv. pp. 1-56; Zeitschr. phys. 
Chemie, v. pp. 188-178. 

§ For the nomenclature used in this treatise, of Korteweg, Wien. Ber. 
xeviii. pp. 1154-1191; Archives Néerl. xxiv. pp. 57-98, 
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other and at last coincide in a so-called plaitpoint. In study- 
ing the plaits on the surface, one may use the projection upon 
the wv plane. This projection consists of the z-axis between 
w=0 and «=1, the two v-axes for z=0 and w=1, the con- 
nodal curves with or without the plaitpoints. The points of 
the connodal curves belonging together may be joined by 
straight lines. The ratio of the parts into which these lines 
are divided by a line perpendicular to the #-axis, say for 
X= ,, represents the ratio of the quantities of the two phases 
which will be formed when the mixture 2, is taken at the 
pressure at which the two phases may coexist. Keeping this 
in view, it is easy to derive the condensation and critical 
phenomena of a mixture. 

2. We shall only discuss the very simple case here, that 
there is only one plait on the surface, the vapour-liquid plait, 
which determines the coexistence of a vapour-phase and a 
liquid-phase. The plait, roughly speaking, has the direction 
of the z-axis ; its plaitpoint, which will make its appearance 
if only we raise the temperature to a sufficient height, need 
not coincide with the end of the plait, z. e. with that point of 
the connodal curve which is nearest to one of the yu planes 
(in the projection = v-axis)., The latter point was called 
critical point of contact*. Now in deriving the critical 
phenomena two cases have to be distinguished depending on 
the relative position of these two points, which we shall call 
Pand R. Hither P is situated nearer to the Wa plane (2-axis) 
or this is‘the case with R. 

3. In the first case the condensation of a mixture has the 
following character. Below a definite temperature (plaitpoint- 
temperature = Tp), different for every mixture, the quantity 
of the denser phase increases regularly during compression ; 
the pressure rises, and both the composition and the volume 
of both phases change continuously. Above another tempe- 
rature (temperature of the critical point of contact = critical 
temperature = T*) there is no condensation possible. At 
temperatures ranging between Tp and Tp the condensation 
will have the following character :—With compression the 


* Kuenen, Archives Néerl. xxvi. p. 379; Communications from the 
Lab. of Physics, Leiden, No. 4, pp. 7 sqg.; Zeitschrift phys. Chemie, xi. 
p. 44. 
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quantity of the appearing liquid first increases, reaches a 
maximum value, and after that decreases till it disappears. 
This was called retrograde condensation of the jirst kind 
(rc. L)*, The nearer we get to the plaitpoint-temperature 
the larger becomes the quantity of the liquid and the smaller 
the difference between the phases, apparent from a. less 
distinct liquid surface between the phases. A mixture, there- 
fore, has a critical region instead of one critical point, lying 
between two critical temperatures. 

4, The phenomena predicted in this manner were then 
observed by me in mixtures of carbonic acid and methyl 
chloridef, and afterwards of carbonic acid and airt. The 
deviation from what had been observed by former experi- 
menters, viz., the flattening and disappearing of the liquid 
surface throughout the critical region without retrograde 
condensation, was explained by retardation§, which was 
annihilated in my experiments for the first time by means of 
a small iron stirring-rod within the tubes, which was moved 
by an electromagnet outside the tubes. 

5. If P lies on the other side of R there are again two 
definite critical temperatures, T? and Tp, for every mixture ; 
but the process of condensation between those two will be 
different from what it was in the first case. By compression 
a new phase appears of a larger volume|| this time, 7. e a 
vapour-phase, which begins by increasing, then reaches 
a maximum, and then again diminishes and disappears. 
This was called retrograde condensation of the second kind 
(r.c. II.){. Near the plaitpoint-temperature Tp the liquid 


* Kuenen, Archives Néerl. xxvi. pp. 378-3879; Commun. No. 4; 
Leitschr. phys. Chemie, xi. p. 44. 

+ Kuenen, Archives Néerl. xxvi. pp. 382-885; Commun. No. 4; 
Zeitschr. phys. Chemie, xi. p. 47. 

t Commun. No. 7, p. 6. 

§ Kuenen, Archives Néerl. xxvi. pp. 376-877, 380-882; Commun. 
No. 4; Zettschr. phys. Chemie, xi. p. 47. 

|| In order to make the volumes in our figures decide about the situa- 
tion of the phases above each other, we should take the volume of the 
unit of weight as the unit of volume. In doing so a phase of larger 
volume is a lighter phase at the same time, and will therefore appear in 
the upper part of the tube. 

§| Kuenen, Archives Néerl. xxvi. pp. 888-889; Zeitschr. phys. Chemie, 
xi. p. 46. 
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will be very flat and indistinct, and more so at the beginning 
than near the end of the condensation. Below Tp the con- 
densation is normal. 

6. This second case has never been realized till now. I 
have been considering whether it might be, and the choice of 
the subject of this paper is the outcome of my reasoning. 
In explaining this I shall use a different graphical represen- 
tation, namely the p-t figure. In a recent paper* I have 
deduced the general features of the p-t curves in the problem 
before us from van der Waals’s theory. The figure obtained 
consists of (1) the two vapour-pressure curves of the compo- 
nent substances; (2) the border-curvest for the mixtures 
(~ = constant) having the form of loops ; (8) the plattpoint- 
curve, being the envelope of the border-curves and connecting 
the critical points of the two substances. The point of con- 
tact between a border-curve and the plaitpoint-curve corre- 
sponds to the plaitpoint P of van der Waals’s surface ; the 
critical point of contact R is the point in which the border- 
curve has a tangent parallel tv the p-axis. When going along 
the border-curve, starting from its lower branch, we may 
either first reach R or P. These two cases correspond to the 
two cases mentioned above. If P is situated beyond R we 
have r.c. I. (figs. 8, 9); if R lies beyond P we have r.c. II. 
(fig. 10). Keeping in view the connexion between border- 
curve and plaitpoint-curve, the question whether the second 
case can be realized comes to the same as whether the plait- 
point-curve or a part of it may rise, while the border-curves 
are situated on its left side (fig. 10). Now it appears that 
there are different cases in which such a situation must occur. 
If the critical points of some of the mixtures lie outside the 
critical temperatures of the two substances, a part of the 
plaitpoint-curve will answer to the above postulate. But this 
is not a necessary condition. If the substance of the higher 
critical temperature has at the same time larger vapour- 
pressures than the substance of the lower critical tenperature, 
the plaitpoint-curve will have the same property. This case 

* Kuenen, Kon. Akad. Amsterdam, 29 Sept. 1894, pp. 90-99; ‘Com- ° 
munications,’ &c. No. 18. 


+ A border-curve for a mixture represents the conditions ( p, t) in 
which it may coexist with a second phase. 
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is represented in fig. 1. R lies beyond P. Between the 
two temperatures Tp and Ty the mixture, the border-curve of 
which is drawn in the figure, must show retrograde conden- 
sation of the 2nd kind (r.c. II.). Even if the curves are 
more complicated than is supposed in the figure, the curve 
C, C, will nevertheless fulfil the condition at least for a part 
of its course. 


Fig. 1, 


pressure 


Cemperature C 


7. There is only a small number of combinations of two 
substances which appear to answer the purpose. Sub- 
stances of low critical temperatures mostly have high critical 
pressures and high vapour-pressures. When this is not so, 
the differences are often too small to promise striking results. 
My attention was at last drawn to ethane, a substance of low 
critical pressure (+50 atm.) and a critical temperature of 
+34°C. Combinations of this substance with HCl, C,H,, 
N,0, especially the last, promised good results. 

For this combination I expected to find a case such as is 
represented in fig. 1. It will appear that my expectation has 
been surpassed in so far as these mixtures pepe es some 

me 
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interesting properties which had never been observed and 
require a more complex representation than fig. 1. At the 
same time the phenomenon (r. ¢.. II.), to find which was the 
starting-point of the investigation, has escaped observation 
till now. 


Preparation of Ethane (CH). 


8. The ethane was prepared by electrolysis of a concen- 
trated solution of acetate of sodium. By this process a 
number of other substances are generated, especially CQ,, Oz, 
C,H,, and some esters*. The gas was washed in sulphuric 
acid and a solution of caustic soda, and collected in a big 
glass bottle (45 litres) again containing a solution of caustic 
soda. In this manner the CO, was absorbed entirely. By 
aid of a mercury compressing machine of Cailletet, which 
belongs to the set of apparatus of the Leiden Laboratory for 
experiments at low temperatures, the ethane was liquefied 
in a small copper vessel. In this operation it passed again 
through fuming sulphuric acid, caustic potash, and phosphoric 
anhydride. In order to expel the permanent gases, the liquid 
ethane was cooled by solid carbonic acid and made to boil. 
In filling the tubes the gas was afterwards taken from the 
liquid. 

This method of purification at low temperature has been 
formerly applied by me to CO, and CH;Clf. 


Preparation of Nitrous Oxide (N,0). 

9. This substance was taken from a commercial bottle ; it 
was led through high-pressure tubes containing chloride of 
calcium and caustic potash and afterwards dried over P,O;. 
The purification was conducted as in the former case. During 
the boiling of the liquid N,O the tube could be connected 
with an air-pump, a sort of mercury-valve being interposed 
in order to prevent air from returning to the liquid. 


* Kolbe, Lieb. Ann. lxix. p. 279; Wiedemann, Electricitit, ii. p. 574. 
+ Kuenen, Archives Néerl. xxvi. pp. 356, 359. Olszewski was the first 
to apply this method of purifying gaseous subst:nces so far as I know. 
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Preparation of the Mixtures. 


10. The substances thus purified could be mixed in any 
proportion by means of my mixing apparatus, for the descrip- 
tion of which I refer to previous investigations*. At present 
the whole apparatus consists of glass and copper only: the 
exhaustion was effected by a mercury air-pump. 


Method of the Observations. 


11. For the observations I made use of Ducretet’s appa- 
ratust. The glass tubes in which the gases were to be 
compressed were connected with the above apparatus by 
means of ground joints, and repeatedly exhausted and filled 
with the gases. 

12. The temperatures, all of them ranging between 0° and 
40° C., were obtained by means of a continuous current of 
water through a tube surrounding the experimental tubes. 

13. My stirring apparatus{, which was continually used 
during the observations, had been slightly modified. The 
little piece of iron with its knobs of enamel within the high- 
pressure tubes was the same as before; but the electromagnet, 
which used to slide over the tube and accordingly within the 
water-vessel, had been replaced by a larger bobbin sliding 
over the outside of the water-vessel. In this manner the 
influence of the temperature of the bobbin upon the tempera- 
ture of the water, the constancy of which used to be disturbed 
during the acting of the apparatus, was removed. The bobbin 
is worked by four Bunsen cells or two accumulators. 


Results obtained with Ethane. 


14. In order to test the purity of the substances they were 
at first investigated separately. The gases appeared still to 
contain a little impurity : there was a slight increase of pres- 
sure during the process of condensation, for the ethane at 20°, 
0:56 atmosphere. The amount of impurity of a gas corre- 
sponding to a definite increase of pressure at a definite 
temperature is difficult to decide, and entirely depends upon 
the substance itself and the admixture. In preparing the gas 


* Kuenen, /. c. p. 369, + L. c. pp. 857, 366. } L.c. pp. 372 s¢q. 
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a second time, the liquid ethane was cooled in liquid ethylene 
boiling at a low pressure (—110° C.), itself being con- 
nected with an air-pump as in the case of nitrous oxide. The 
ethane obtained in this manner was found to be a little purer 
still: the increase of pressure was 0°43 atm. at the same 
temperature*. 

15. The critical temperature of the gases was determined 
very carefully: as with the mixtures, a stirring-rod had been 
put within the tube, and so the determination could be con- 
ducted according to the principles explained in the account of 
my observations with CO,+. The critical temperature for the 
two samples of ethane amounted to 31°95 C. and 32°05 C. 
respectively. This would point to a critical temperature of 
+ 32°3 for pure ethane. By admitting a little air (4 to $ 
per cent.) into the last tube the increase of pressure at 20° C. 
rose to 2°7 atm., 7. é. more than six times the former value ; 
while the critical temperature had gone down to 31°25 C. 
This would point to +32°-2 C. as the real critical temperature 
of ethane. The admixture in my ethane seems to lie far 
below 0-1 per cent. 

16. It is not impossible that, in filling the tubes, a little 
air remains in the gases, because they have to pass through 
some long tubes connected with joints before entering the 
experimental tube, and the air has to be expelled by means of 
exhaustion. I might probably have got a still purer gas by 
filling the tube more directly, but I preferred to apply exactly 
the same method which I used in preparing the mixtures, in 
order to be warranted against mistakes resulting from differ- 
ences of purity. ; 

17. The critical temperature of ethane as determined by 
former observers is somewhat higher. Dewar} gives 35°C., 


Olszewski§ 34° C., Haenlen || from 82° C. to 40° C., probably 


* Andrews, in his famous experiments on carbonic acid, observed an 
increase of pressure of more than two atmospheres in a similar case. 

+ Kuenen, Kon. Akad. Amsterdam, 29 Oct. 1893, pp. 85-90; Com- 
munications, &c., No. 8, pp. 11, 12. 

t Dewar, Phil. Mag. [5] xviii. p. 214. 

§ Olszewski, Bulletin Ac. des Sciences de Cracovie, 1889, p. 27. 

|| Haenlen, Lieb. Ann. eclxxxii. p. 245, 


MIXTURES OF ETHANE AND NITROUS OXIDE. 531 


34°°5 C. In his experiments retardation has played an 
important part, and his gas cannot have been very pure ; 
otherwise one finds a definite critical point, not a critical 
region as he does. He prepared the gas by the method of 
Gladstone, Tribe, and Frankland* from C,H;I. Olszewski 
obtained ethane from C,H;Zn. Both Haenlen and Olszewski 
purified the gas by cooling and boiling at a low temperature. 
I cannot tell what the reason is of this discordance between 
the values for the critical temperature. Perhaps it has some 
connexion with the different ways of preparing the gas. I 
am going to repeat the experiments with ethane prepared 
from C,H;I. But the difference may be due to the method 
of determining the critical state as well. In my experiments 
the retardation is entirely annihilated by carefully stirring 
the gas, which may have lowered the critical temperature. 


Results obtained with Nitrous Oxide. 


18. Similar results were obtained with this gas. The 
increase of pressure, however, was still less. At 20° C. it 
amounted to 0:15 atm. =11 cm. of mercury. The impurity 
of the gas may be estimated below 0:0002: for the critical 
temperature I obtained 35°95 and 36°05. The true value 
will be 36° 1 C. probably. 

19. Villard, who has prepared pure nitrous oxide by a 
similar process t, fixes the critical temperature of his gas at 
38°8 C. But this value was obtained by the indirect method 


* J. Chem. Soc. xly. p. 154; xlvii. p. 286. 

+ Villard, C. R. exviii. p. 1096; Journal de Phys. [3] ili. Oct. 1894. 
In a letter Dr. Villard tells me that his estimation of the critical 
temperature has been too high. In turning a tube with N,0 at 36°'5 C., 
the liquid surface disappeared and the tube filled itself with a blue mist. 
Now as stirring comes to the same as repeated turning, it is quite natural 
that I obtained a value for the critical temperature below 36°50. I 
have not noticed the blue mist more than 0°2 or 0°3 above 36°-0 C. 
At any rate the disagreement between Villard’s result and mine has been 
reduced to a few tenths of a degree. But it appears from Villard’s 
measurements of the densities of N,O, that the behaviour of this substanca 
near its critical point is less normal, so to speak, than the behaviour of 
carbonic acid. One feels inclined to ascribe this to the influence of minute 


impurities. 
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of measuring the densities. The liquid surface disappeared 
below 38° C., but he does not mention an exact value. This 
gas must have been very pure, judging from the regular 
phenomena obtained near the critical point, and the purity of 
the carbonic acid prepared in the same manner. Villard 
states that in a U-tube in which two quantities of liquid 
N,O were separated by a column of mercury, a pressure of a 
few centimetres sufficed to liquefy one of the portions com- 
pletely. Bat this test is not so delicate as the one given 
above, viz. the entire increase of pressure from the beginning 
to the end of the liquefaction*. 

20. The constancy of my results with the pure substances 
and the smallness of the admixture left, justify me in accepting 
an influence of the admixture upon the behaviour of the 
mixtures of a similar small amount. 


Results obtained with the Mixtures. 


21. The number of mixtures investigated was five. The 
composition (« parts of ethane in the volume in the gaseous 
state at one atmosphere) amounted to 0°18, 0°25, 0°43, 0°55, 
0°76 respectively. The pressure and volume at the beginning 
and at the end of the condensation as observed at different 
temperatures are given in Tables [-VII. The values of 
the volumes are only approximate. They are expressed in 
parts of the volume at 1 atm. and 0° C. For N,O and C,H, 
only one value for the pressures has been given. Tables 
VIII.-X. give the volumes for the temperatures 20°, 25°, 
and 26° C., as determined by graphical interpolation from 
the values observed, 


* In filling a tube with a gas, which is compressed to a liquid after- 
wards, one works under unfavourable conditions for obtaining a pure 
substance compared to what can be obtained with liquids. The isopentane 
prepared by Prof. Young (Phil. Mag. [5] xxxviii. 1894, pp. 569-572) 
is remarkable in respect to purity. Here the increase of pressure 
appears to have disappeared entirely. Experiments by Battelli and others 
prove that even a pure liquid is not easily obtained. 
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Tasxes I.-VII. 


TNO. 
z Dp. ve Y 
48 35°2 0-0206 0:6022 
13°3 43-4 00161 
19:9 50°8 00125 
25-4 57-45 00103 0-0027 
315 65-4 0-0076 0:0031 
36°0 TS 0:0047 
10 
5°85 27-4 00248 0:0033 
10°65 30°46 0:0215 0:0034 
15°4 33°8 0:0184 0:0036 
22°4 39°7 0:0140 0:0038 
29°35 45:9 0:0103 00046 
31:0 47-6 0:0089 0:0049° 
32:0 - 48°8 0-0064 


III.— Mixture 0°18 C,H,. 


z. pi. Po. ve, vy. 
2°85 35°34 35°55 0 0205 0:0026° 
118 43°57 43-91 0:0143 0:0029 
19:05 51:48 51-81 
23°2 56°40 56°57 0-0094 0:0031 
29°8 65°32 0:0052 (?) 


IV.—Mixture 0°25 (?) C,Hg. 


54 37°48 38°07 0:0177 0.0027 
13-2 45:08 45°59 00131 0:0029 
18°3 50°53 51-22 00111 0:0031 
22-2 55°12 55°63 0:0094 0:0032 
26-9 61:38 61-35 0-0066 0:0038 
276 62°87 62:93 00065 (?) | 0-043 
28-15 63:36 0:0046 

V.—Mixture 0:43 CoH. 

9°8 AVERSA Saree 00150 0:0030 
143 44-96 45°57 0:0130 
TUCHS. co -saile = | | esgacesceclll MMMMRACctcr a mI | a lamioce er 0-0034 
20°5 51-75 52°29 0:0096 0:0035 
24-6 56°67 57-01 0:0073 0:0041 
26:05 58°42 0:0055 (?) 
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Tables (cont¢nued). 


VI.—Mixture 0°55 C.Hg. 

ip Py Po Uy Vi. 

64 | 3559 3686 | 00195 0-002 
11:35 40°02 41:05 00164 0:0638 
18°4 47:02 48:06 0:0126 0:0043 
25:4 54°87 55:46 0:0084 0:0050 
26:05 56:12 0:0069 

VII.— Mixture 0°76 C,H,g. 

5°25 31:31 32°86 0:0217 0:0035° 
12-4 36:99 38°54 0:0173 0.0037° 
18-4 42°22 44-05 0:0140 0-0040° 
21:95 45°81 47-05 00118 0:0042° 
26:0 50:25 61-11 00092 0:0048 
27°15 51°55 52°16 00083 0:0053 
27°85 52°55 00066 

TasLes VIII.-X. 
VIII.— Volumes at 20° (fig. 3). 

«=0:0. 018. 0:25. 0°43. 0°55. 0-76. 1-0. 

00125 106 102 98° 113 130 155 

0:0025° 30 32 35 42° 41° 37° 

IX.—Volumes at 25° (fig. 4). 
0:0104° 87 78 70° 84° 98° 126 
0:0026° 33 35° 42 48 45 40 
X.—Volumes at 26° (fig. 5). 
00101. 85° 73 58? 69 92 99 
0:0027° 3+ 37 51 58 48 47 


The results are laid down in fig..2, and figs. 3, 4, and 5. 
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Fig. 3%. £=20° ©, 


Composition. 
z=0 0:2 O4 =. 0°6 0°8 r=1] 


0-002 K 


0-004 | : eae 


0006 
Co) 
: 5 
S 0-008 5 
> 2 
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0-012 B 


0-014 jim 


0-016 
* There is a mistake in fig. 3 in so far as the straight lines near about e=0-2 
should be parallel to the y axis, as in figs. 4 and 5, 


Fig. 4, t=25° C, 
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Fig. 5. t=26° 0, 


Composition. 


0-004 
S 0006 - 
5 2 
a= S 
© 5 
1S 0°08 ® 

0-010 | 

0-012 


22. The axes of coordination in fig. 2 are p and t. This 
figure may be compared with fig. 1, which represented the 
curves as they would have been if the phenomena had been 
as little complicated as possible. 

The curve C,H,—C, is the vapour-pressure curve for ethane, 
N,O—C, the same for nitrous oxide. CC, and C, are the 
critical points. C,ABC, is the plaitpoint-curve. _The curves 
of the shape of loops are border-curves for the mixtures. 

23. There are two striking differences between fig. 1 and 
fig. 2. 

(1) The critical temperatures for a part of the mixtures 
lie below those for the components. By adding C,H, (32°) 
to N,O (36°), the critical temperature is lowered to a dis- 
proportionate extent. For a mixture containing +0°1 of 
O.H, the critical temperature has gone down as far as to 32°, 
the c. t. for pure ethane. All mixtures containing more ethane 
than 0-1 have critical temperatures below 32°. Addition of 
N,O to C,H, therefore makes the critical temperature de- 
ers se instead of increase. The lowest critical temperature 
(+25°8) belongs to a mixture containing +0°5 of ethane. 

A ease like this has never been observed till now ; van der 
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Waals’s theory shows.the possibility of the critical tempera- 
ture lying outside those for the components*. 

24, (2.) There is another difference between fig. 1 and 
fig. 2. The border-curves of the mixtures do not all of them 
lie between the vapour-pressure curves of C,H, and N,0. 
Some of them lie above the N,O curve. It follows that at 
every temperature there is a maximum of pressure for 
one of the mixtures. From the figure it appears that this 
maximum lies somewhere between the mixtures the com- 
position of which is 0°18 and 0°25, say +0°2. The border- 
curves of the mixtures 0°18 and 0°25 differ only very slightly 
and in the figure almost coincide. The meaning of this is 
that the maximum belongs to almost the same mixture at all 
temperatures represented in the figure. If the mixture for 
which the pressure is a maximum varied quickly with change 
of temperature, the border-curves of the mixtures in that 
neighbourhoed would intersect at perceptible angles. If we 
tried to draw the curve giving the maximum pressure at any 
temperature, it would lie a very little above the border- 
curves for e=0'18 and x=0°25, and be about parallel to 
those. This curve we shall call the maa?mum-curve. 

25. There is another remarkable quality of the border- 
curves in this region near the maximum, viz. the narrowness 
of the border-curves, 7.e, the very small increase of pressure 
during the condensation. The value of this increase amounts 
to 0:2-0'3 atm. for the first mixture, which is only a very little 
more than what still remained in the pure nitrous oxide itself f. 


* There is one instance of a mixture, the critical temperature of which 
lies above those for the components, observed by Dewar, namely, of CO, 
and C,H, (Proc. Roy. Soc. of Lond. xxx. p. 543). 

+ The increases for the second mixture (0°25) are somewhat higher, 
viz. +06 atm., which must be due to a somewhat larger impurity of that 
mixture. Probably the pressures of this mixture are therefore a little too 
high at the same time. The maximum will therefore be nearer to the 
first mixture (0°18). That is why I have put it equal to +020. On the 
whole the values for the increase of pressure are a little irregular, which is 
quite natural considering the difficulty of these observations with, 
mixtures. From the observations one might, perhaps, conclude that the 
maximum with rise of temperature shifts a little towards the N,O; 


but as this seems rather uncertain, I prefer taking it constantly equal 
‘to 0°20. ; 
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We may therefore almost take it equal to zero. This agrees 
with what follows from the theory of mixtures. In a 
maximum-point (and also in a minimum-point) the two 
coexisting phases have the same composition (wv) though 
different volumes (v), and there is no increase of pressure 
during the condensation. In order to determine the exact 
value of the maximum, a large number of mixtures lying about 
z=(°2 should be investigated : only the small admixture in 
the components themselves would of course impede the fixing 
of the maximum-curve. 

26. In itself the existence of a maximum (or minimum) 
pressure is not a new phenomenon. Guthrie*, Konowalowf, 
and others have found the same with different mixtures. 
Only, so far as I know, a maximum (or minimum) has never 
been traced up to the critical temperature. In Konowalow’s 
mixtures the maximum appears sometimes to shift with change 
of temperature, and accordingly probably to disappear below 
the critical temperature. The above results prove that this 
need not be the case at all. This fact may be expressed in 
this manner: the maximum-curve need not reach the vapour- 
pressure curve of one of the substances. In my experiments 
it reaches the plaitpoint-curve, near B. 

27. These results will be much better understood by 
inspecting figs. 3, 4,5. The curves in these figures give the 
relation between the composition of the mixtures and the 
volumes at which the condensation begins and at which it 
ends (wd. § 1 sqq.),and may at the same time be considered as 
the projection of the connodal curves of the plait in van der 
Waals’s surface upon the v-a plane. The figures belong to 
the temperatures 20°, 25°, and 26° C. respectively. 

28. If the phenomena were such as would correspond to 
fig. 1, the plait with rise of temperature would get narrower 
near the C,H, plane (v=1). At 32°C. the curve would 
loose itself from the v-axis for e=1, whilst forming a plait- 
point there ; above 32° C.it would withdraw towards the N,O 
axis (2=0), where it would disappear at 36°C. (critical 
temperature of N,V). 

29. However, this is not what really happens. With rise 


* Phil. Mag. [5] xviii. p. 510 et sqq. + Wied. Ann. xiv. p. 34. 
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of temperature the plait becomes narrower somewhere near 
the middle. Consequently, at a temperature far below 32° C., 
near 25°80., the plait divides into two parts. At that 
moment two plaitpoints appear (P,; and P,)*. The two parts 
into which the plait is divided henceforth withdraw towards 
«=0 and #=1 separately. At 32°C. the right-hand plait 
disappears at r=1. At 36°C. the left-hand plait disappears 
in e=0. Above 36°C. there is no plait left: the surface is 
convexo-convex henceforth, and all its points represent stable 
phases. 

30. A maximum pressure (or minimum) manifests itself in 
the v-zx figure in the position of one of the lines connecting 
the pairs of coexisting phases being parallel to the v-axis. 
The lines on both sides of the maximum line will be turned 
in opposite directions (with a minimum the direction in which 
the lines turn is the opposite of what it is here). But the 
angles of the lines are very small in the case of C,H, and 
N,O. On the right-hand plait the lines differ more: the 
increase of pressure is accordingly larger on that side of 
the surface. In the figure the turning of the lines had to be 
exaggerated in order to show their direction. 

31. The critical phenomena of the mixtures were much 
simpler than I expected to find them. All the mixtures 
showed normal condensation up to the critical point, and 
a difference between plaitpoint temperature and critical tem- 
perature could not be determined with any certainty, The 
probable cause of this disagreement I shall refer to after 
having deduced more completely the theoretical consequences 
of the experimental results laid down in fig. 2, and figs. 3, 4, 5 
(vid. §§ 43-46). 


Theoretical Conclusions to be drawn from the Experimental 
Curves. 


32. A. Maximum-Curve.—It may be proved that the border. 
curve of a mixture for which the pressure becomes a maximum 


* In two interesting papers (Wien. Ber. xcviii. pp. 1154-91; Archives 
Néerl. xxiv. pp. 57-98, 295-368) Prof. Korteweg has derived the 
geometrical properties of the plaits and plaitpoints. The case occurring 
here, viz. the formation of two plaitpoints of the same kind at the same 
time, is discussed on pp. 303-3805, 
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touches the maximum-curve with both its branches. This is 
represented in fig. 6. In every point of the maximum-curve 
a similar meeting of three curves takes place. If the maxi- 
mum-mixture does not change much with the temperature 


Fig. 6. 


es ton 
bor dér_curve 
—— _—— 


“Border curve 

(as we found was the case with C,H, and N,O), the border- 
curve of the maximum mixture must have nearly shrunk to 
one curve coinciding with the maximum-curve. 

33. Apparently the p-t figure is not at all convenient for 
showing the situation of the border-curves near the maxi- 
mum-curve. The border-curves for the mixtures situated on 
both sides near the maximum-mixture cover each other in 
the figure. Ina case like this it is much better to add as a 
third axis of coordination the z-axis, and to draw the p-t- 
curves for the mixtures each in its own plane. The curves 
together in this manner form the p-t-«-surface. Sections of 
the p-t-x-surface perpendicular to the ¢-axis again give 
curves having the shape of loops (p—#-curves), which may be 
considered as an extension of Konowalow’s curves*: he only 
gives the upper branches of the p-a-curves. A complete p-a- 
curve is given by Prof. van der Waals in his treatise f. 

34. The maximum-curve meets the plaitpoint-curve in B. 
Fig. 7 shows the manner in which the three curves (the 
maximum-curve and the two branches of the plaitpoint- 
curve) meetin B. It will have to be decided theoretically 
whether, perhaps, the plaitpoint curve has no singular point 
in.B, in which case the maximum-curve would touch it in B. 

* Wied. Ann. xiv. p. 34. 
+ Arch. Néerl. xxiv. p. 21. 
VOL. XIII. 20 
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35. B. Critical Phenomena.—The plaitpoint-curve (fig. 2) 
consists of three parts, being situated between both the critical 
points C and ©,, and separated -by the two points A and B. 


Fig. 7. 


A is the meeting-point of two branches of the plaitpoint- 
curve, where the critical temperature is lowest*. In B the 
maximum-curve meets the plaitpoint-curve. 


Fig. 8. 


36. In the part C,B the relative position of plaitpoint- 
curve and border-curves is like fig, 8. P lies in the direction 
we called beyond R, and the border-curves touch the plait- 
point-curve on its right side. The mixtures having their 
plaitpoint between C, and B, i. e. containing less than 0:2 C,H,, 


* The existence of a singular point in A was suggested to me by the 
experimental curves (fig. 2, vid. § 42). Professor van der Waals, to whom 
I showed my experimental results, told me that he has theoretical 
reasons for believing that the plaitpoint-curve is continuous during its 
whole course, so that neither A nor B wonld be singular points. The 
conclusions drawn in §§ 40-42 and figures 11 and 12 entirely depend upon 
the existence of a singular point in A. There is, however, no connexion 
between those and the rest of this paper. Professor van der Waals will 
publish his results ere long. 
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therefore must have retrograde condensation of the first kind 
(r.c. L.) between the temperatures fp and fp. 

37. In the part C,A the curves are situated as in fig. 9. 
The border-curves lie on the left-hand side, but the plait- 


Fig. 9. 


| 
| 


1 
| 
J 
| 
1 
i 
| 
i 


point-curve falls. P lies beyond R. The mixtures having 
their plaitpoint here, ¢.e. containing more than 0°5 C,Hg, 
must also have r.c. I. between ¢p and tg. 


Fig. 10. 
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38. The part BA, however, fulfils the condition for the 
existence of r.c. II., as is shown in fig. 10 (wd. §6). The plait- 
point-curve rises, and the border-curves lie on its left side. 
R lies beyond P. In this region lie the mixtures the com- 
position of which is between 02 and 0°5 C,H. 

In consequence of the complexity of the curves as com- 
pared to fig. 1, the region of r.c. II. is a great deal smaller 
than it would have been according to fig. 1 (BA instead 

202 
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of O,C,). It is easy to see that. this was the only thing which 
could happen : r.c. II. could not disappear entirely. 

39. These rather strange conclusions are entirely made 
clear by figs. 8, 4, 5. These represent exactly the same 
phenomena, only in a different manner. If P lies above R 
we have r.c. I. ; if it lies below R, we have r.c. II. At first, 
after the dividing of the plait, the plaitpoints P, and Py lie 
on opposite sides of R, and R, in the two plaits. This corre- 
sponds to the existence of r.c. 1. below A, and r.c. II. above 
A in fig. 2. While with rise of temperature the plait P.R» 
shrinks together, R, approaches the maximum-line. P» 
approaches R, at the same time, and at the moment that the 
maximum reaches the end of the plait, P, and R, coincide. 
At that moment there is no retrograde condensation. The 
mixture 2=0'2 behaves at its critical point like a pure sub- 
stance. P,, however, now continues to move upwards, and 
henceforth lies a little above R,. That explains the existence 
of r.c. 1. between B and C,. If there had not been a maxi- 
mum, r.c. IT. would have existed all the way from A to Cy. 

40. The critical phenomena near the point where the plait 
divides into its two branches (¢=25°8, p=57'7 atm.) are of a 
rather complex nature. This will be understood by the con- 
templation of fig. 11, where the two branches of the connodal 
curve at the moment of parting have been drawn on a much 
larger scale. 

Let us consider the condensation of the mixtures x; and i, 
separately. It will be seen (vid. § 1) that the mixture 2, in 1 
begins to show a liquid phase which increases, decreases, and 
disappears in 2 (r.c. I). Then, in 3, the liquid appears again, 
and in 4 the whole mixture will be liquid (normal condensa- 
tion). Mixture 2, liquefies in 1: the liquefaction is at an end 
in 2 (normal condensation): in 3 a vapour phase appears 
which disappears in 4 (r.c.. IL). 

41. Quite close: to this temperature (below and above it) 
similar complicated phenomena. will exist. A little above 
25°8 there are even some mixtures which show firsti rc. I. 
and then r.c. II. successively with compression. But as 
soon as the plaits have moved. so. far that there is no w-line 
cutting both plaits, the critical phenomena become the 
ordinary phenomena for a.mixture (r.c. I. or II.), 
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42. The p-t-curves in the neighbourhood of A have a more 
complicated character, corresponding to the behaviour of the 
plait (fig. 12). The two branches of the experimental plait- 
point-curve meet ina singular point. The border-curves show 
a doubling, which disappears at a small distance from A. A 
fuller explanation of the figure seems hardly necessary. For 
clearness’ sake only two border-curves have been drawn in 
the figure on an exaggerated scale. 


Fig. 11. 


43. How is it that in my experiments the mixtures did 
not show any of those critical phenomena partly of a so com- 
plicated nature, and almost behaved like pure substances 
near their critical points? ($31). ‘The reason lies at hand : I 
have pointed out the smallness.of the increase of pressure, 7. e. 
the approximate parallelism of the straight lines in fig. 3 (§ 30), 
and the exceeding narrowness of the loops (border-curves) in 
fig. 2 (§ 25). Accordingly, as will be noticed in both figs. 2 
and 5, the two critical points P and R lie close together, and 
the distance between the temperatures of the plaitpoint and 
the critical point of contact (¢p and tg), for the same mixture, 
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can be very small only. An estimation from the original figure 
2 gives +0%1 C. at the utmost for the distance between tp and 
tr, and in some parts of the plaitpoint-curve—for instance 
near B—much less still. Now in order to fix so small a 
difference the temperature ought to be perfectly constant for 
a long while, which was not the case in my water-vessel. 


Fig. 12, 


There were slow changes, which of course did not prevent 
the determination of the critical point taken asa whole. I 
think this circumstance may be taken as a sufficient explana- 
tion of the disagreement between theory and experiments. 
44, However, there is another cause which must have co- 
operated in confusing the pure phenomena, viz. the influence 
of gravitation. It was Gouy* who, in the case of pure sub- 
stances, first pointed out the importance of this factor near 
the critical point, where the substances become so highly 
compressible. In the case of mixtures the influence of gravi- 
tation is not of a quite simple nature. The result is this: © 


* Compt. Rend. exv. p.720, exvi. p. 1289; ef. Kuenen, ‘Communications, 
etc,’ No.8, p. 10, 


MIXTURES OF ETHANE AND NITROUS OXIDE. 547 


near the plaitpoint there is a small region in which the com- 
plete process of the condensation is confused ; namely in this 
manner, that with compression at a certain moment the liquid 
surface between the phases disappears at some distance from 
the ends of the tube. In this manner the process of 
retrograde condensation is cut off halfway ; and if the dis- 
tance between the two critical temperatures is very small, 
the phenomenon may perhaps disappear entirely *. This sug- 
gests the use of horizontal, or at least nearly horizontal, tubes 
for experiments on the critical phenomena. 

45. Now in this region, where gravitation plays an im- 
portant part, the stirring of the substance cannot be of any 
avail ; on the contrary, the equilibrium, which is very much 
influenced by gravitation, is spoilt rather by mixing together 
the different layers. So in this region the only thing we can 
do is, to wait a long time, and Gouy’s experiments with an 
almost pure substance show that “long” means “days” 
here ; and of course that would be no use unless the tempera- 
ture and the volume could be kept absolutely constant, which 
is practically impossible. 

46. Though the special critical phenomena predicted by 
means of van der Waals’s theory have escaped observation so 
far, there is no reason to doubt their reality or to see any 
“contradiction between them and my experimental results, I 
believe. 

47. Some of the results arrived at in this investigation may 
be enumerated here once more :— 

1. The mixtures of C,H, and N.O containing more than 
0:1 of C,H, have critical temperatures lying beneath those of 
the substances (§ 23). 

2. The pressures of the mixtures lie partly above those of 
N,O, and accordingly show a maximum situated near 0:2 
CoH, (§ 24). rnb a 

3. The maximum does not disappear with increase of 
temperature, but remains up to the critical region : the maxi- 
mum-curve reaches the plaitpoint-curve (§ 26). 

4, The mixtures ranging between 0°2 and 0:5 C,H, have 
r.c. IL., the rest r.c. I. 


* Kuenen, Verslagen kon, Akad, Amsterdam, 25 Mei, 1895, 
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I intend now to investigate mixtures of acetylene and 
carbonic acid, a group of which according to Dewar™* has 
critical temperatures lying above those of the components. 
If I should be able to confirm this result, I shall treat that 
combination in the same manner experimentally and theo- 
retically as I have done the combination of C,H, and HN,O 
in this paper. 

The experiments described in this paper have been carried 
out in the Physical Laboratory at Leiden, to the Director of 
which, Professor Kamerlingh Onnes, I,am indebted for con- 
tinuous and invaluable advice and help. 


Discussion. 


Prof. CArzY Foster and Prof. Ramsay complimented the 
author on the very lucid way he had expounded a by no 
means easy subject. 

Dr, Sipnzy Youne congratulated the author on the able 
use he had made of his lucky discovery of two bodies such 
that their mixture should have a lower critical temperature 
than that of either of the pure substances. Prof. Ramsay 
and he (Dr. Young) had made experiments on the vapour- 
pressure of mixtures of alcohol and ether, and had found 
great difficulty in preventing the separation of the com- 
ponents when the volume was altered, and he could therefore 
thoroughly appreciate the utility of the author’s device for 
overcoming this difficulty. They had also experienced con- 
siderable difficulty in filling the tube with a mixture of 
known composition and free from air, and he considered that 
when dealing with mixtures it was better to employ gases, 
although they could not be obtained in go perfect a state of 
purity as liquids, on account of the greater ease with which 
a mixture of known composition can be obtained. The plan 
of making separate observations on the pure substances was 
a good one, and, considering that the author measures the 
increase of pressure during the process of condensation, so 
that any air which happens to be present produces the 
maximum effect, the small rise in pressure obtained indicated’ 
a high degree of purity in the gases employed. He would 


* Proc. Roy. Soe, of Lond. xxx. :p..543, 
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like to ask the author if, in the case of mixtures, he found it 
possible to determine accurately the point where condensation 
commenced and ended, for with the alcohol and ether mixtures 
they found it very difficult to determine these points. He 
also hoped the author would continue his observations in the 
direction indicated in the paper. 

Mr. Inwarps suggested that, in the case of liquids which 
act on iron, the iron stirrer could be enclosed in glass or 
india-rubber. It might also be possible to obtain more 
efficient stirring by means of a small fan or propeller worked 
by an electro-magnet rotating outside the tube. 

Dr. KuEney, in his reply, said that, when the mixtures 
were well stirred, the pressures at which condensation com- 
menced and ended were well marked. 


XLVII. An Electromagnetic Effect. By F.W. BowpEn*. 


Some time ago, under the direction of Prof. Perry, I was 
making some experiments suggested by Dr. Larmor. The 
following curious observations were made, and as Dr. Larmor 
thinks them distinct from his own object, I beg leave to 
bring them before the notice of the Physical Society. In 
fig. 1, N and S are nearly cubical blocks of iron whose edges 
are about 6 centim. long, forming the poles of an electro- 
magnet. The field between N and S near the middle was 
about 1100 C.G.S. A is the end view of a glass tube, 
4 millim. internal diameter and about 380 centim. long, con- 
taining mercury and connecting two large mercury troughs, 
and a current of about 40 amperes was sent through it. A 
stand-pipe, B, 2 millim. diameter, indicated the pressure of 
the mercury. When the current passes in one direction (out 
from the paper) the mercury rises 15 millim.in B. When the 
current is reversed, the mercury falls 15 millim. Reversing 
the magnetic field produces the same effect as reversing the 
current. 

With the tube in the position shown in fig. 2, the effects 


* Read June 28, 1895. 
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were of the same kind but not so marked, the rise and de- 
pression being about 10 millim. As the tube was lifted more 
and more out of the field, the effects became less and less. 
The field being vertical as in fig. 3; the mercury rose in 
the stand-pipe when the current passed, and in whatever 
direction the current passed ; reversing the current did not 
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reverse the pressure-effect produced. Also reversing the 
field did not reverse the pressure-effect produced. 

I again used a horizontal field as in fig. 4, the stand-pipe 
showing now the side-pressure in the tube parallel to the field. 
It was my intention to let fig. 4 really represent fig. 3 turned 
through a right angle, and again the mercury always rose in 
the stand-pipe, whatever the direction of the current or 
field. 
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Lastly, I let four stand-pipes communicate with the middle 
of the iube. The current passing in one direction, the mer- 
cury in B rose, in C fell, and in A and D rose only momen- 
tarily during the starting of the current. When the current 
was reversed, the mercury in B fell and in C rose, and rose 
momentarily in A and D. 

The non-reyersible effects of figs. 3, 4, and in the tubes A 
and D of fig. 5 are probably due to curious motions of the 
mercury, but it seems difficult to understand how. They do 
not occur when the tube is far away from the magnetic field. 


DISCUSSION. 


Prof. 8S. P. THompson said that there appeared to be three 
unexplained effects—one proportional to the current and 
the field, and reversible ; another, independent of the direc- 
tion of the current or of the field; and a third, which only 
occurred while the current was changing in strength. In 
addition there may be a fourth effect, which up to now has 
not been noticed. The motion of the mercury column in 
fig. 1 was in the opposite direction to that of the drag on a 
conductor carrying the current. An apparent rise in pres- 
sure might be due to a decrease in the density of the mercury 
due to the heat developed by the current. 

Mr. Buakestey asked if the author had noticed any 
changes in level in the mercury reservoirs at the ends of the 
tube. 

The Author, in his reply, said the reservoirs at the ends 
were so large that no changes of level were appreciable. 


———7_—~™ 
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XLVI. The Electrical Properties of Selenium. 
By Surtrorp BrwweE 1, M.A., P.RS* 


§ 1. Preliminary F. 


SeLeNiumM, which is supposed to be an elementary sub- 
stance, is capable of existing in several distinct modifi- 
cations. The amorphous variety consists either of a finely 
divided red powder, or of a vitreous mass which resembles 
black glass in appearance and does not conduct electricity. 
Amorphous selenium melts at about 100° C., but at tempera- 
tures between 100° and 217° the black semi-liquid mass 
gradually hardens into a grey metallic-looking solid. This 
consists of Se in the crystalline form: it melts at 217°, and is 
a moderate conductor of electricity, its conductivity being 
temporarily increased by the action of light. This peculiar 
influence of light upon Se has attracted much attention, and 
below is given a list of published papers relating to the 
subject f. 


§ 2. Selenium Cells. 


Any device consisting essentially of a mass of crystalline 
selenium in combination with two metallic electrodes, and so 
arranged as to expose a relatively large surface for light to 
act upon is commonly, but not very appropriately, termed a 
“Selenium Cell.””. So many inquiries have reached me as to 
the construction of the sensitive cells which I have at different 


* Read June 28, 1895. 

+ A summary of the principal results will be found at the end of 
the paper. 

{ Willoughby Smith, Journ. Soc. Tel. Eng. ii. p. 31; Earl of Rosse, 
Phil. Mag. March 1874, p. 161; Sale, Proc. Roy. Soc. 1873, p. 283; Phil. 
Mag. March 1874; Werner Siemens, Phil. Mag. November 1875, p. 416; 
Draper and Moss, ‘ Chemical News, xxxiii. p. 1; Moss, Proc. Roy. Soc. 
May 11, 1876; Adams and Day, Proc. Roy. Soc. 1876, p. 113; Phil. 
Trans. 1877, p. 313 ; C. W. Siemens, Proc. Roy. Inst. 1876, p. 68; Sabine, 
Phil. Mag. June 1878, p. 401; Graham Bell, ‘ Nature,’ xxii. p. 500; 
Proc. Nat, Acad. Sci. April 1881; Shelford Bidwell, Phil. Mag. April 
1881, January 1883, August 1885, March 1891; Fritts, ‘Electrical 
Review,’ March 7, 1885, p. 208; Minchin, Phil. Mag. March 1891, p. 207, 
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times exhibited before this Society and elsewhere, that I 
venture to think a short account of the process may be use- 
fully given here. ; 

A slip of mica about 55 millim. long, 17 millim. wide, and 
0°4 millim. thick, is sandwiched between two semi-cylinders 
of boxwood about 18 -millim. in diameter and of somewhat 
greater length than the mica, the ends being held together by 
screws. The whole is smoothed. down in a lathe until the edges 
of the mica are flush with the surface of the wood. A screw of 
16 threads to the centim. (40 to the inch) is cut upon the 
middle portion of the cylinder for a length of 45 centim. The 
mica is then removed from the wood, and two small holes are 
drilled near each of its ends. An annealed copper wire 0°19 
millim. in diameter (No. 36 s.w.a.) is tightly wound around 
the notched portion of the mica, the turns being made to 
occupy alternate notches, and its ends are secured by passing 
them through two of the drilled holes. A second wire is then 
wound into the other notches, its turns alternating with those 
of the first. These wires constitute the electrodes, and great 
care is taken that they do not touch each other at any point. 

The next step is to apply the selenium. A brass plate 
2 millim. thick is supported upon an iron tripod and covered 
with a sheet of thin mica; upon this is laid the prepared 
mica slip, small weights being placed upon its ends to steady 
it. The surface of the wired portion of the slip is evenly 
covered with 1 gramme (or a little less) of powdered vitreous 
selenium, and a small Bunsen burner is lighted beneath the 
brass plate. In a few minutes the greater part of the Se will 
melt: some of it, however, will probably crystallize, forming 
hard grey lumps, and when this occurs the heat must be 
continued, and if necessary increased, until all the grey 
lumps have disappeared. Then the Se is worked smoothly 
and uniformly over the slip with a steel spatula, particular 
care being taken that the surface is covered quite up to the 
edges. This operation is often found a troublesome one, but 
if the temperature be properly regulated, there is little difficulty 
about it. When the temperature is too low, hard crystalline 
lumps are formed ; when it is too high, surface-tension causes 
the selenium to gather up into drops, and it becomes as 
impossible to spread as if it were mercury. The Bunsen 
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flame should be adjusted so that the temperature is only just 
above the melting-point, 217°; the selenium then assumes 
a plastic semi-fluid condition sal can be easily manipulated. 

When a satisfactory surface has been secured, the cell is 
immediately removed by means of forceps and nliced upon a 
thick copper plate to cool quickly. The Se surface should at 
this stage be black and lustrous, and the resistance between 
the electrodes sensibly infinite. 

The Bunsen flame having been turned down sufficiently to 
lower the temperature to about 120°, the cell is replaced upon 
the hot plate. In a few minutes parts of its bright surface 
become dimmed, and shortly afterwards the whole turns a 
dull grey colour. The temperature is then cautiously raised 
until signs of melting just begin to appear, generally near one 
of the edges. When this occurs the burner is instantly with- 
drawn and the flame slightly lowered. The darkened spot 
recrystallizes in the course of a few seconds, and the burner 
is then replaced and left for four or five hours, during which 
time the temperature of the Se should be only a few degrees 
below the melting-point. Another hour is occupied in slowly 
cooling the cell, the flame being gradually lowered and 
finally extinguished. This process of long heating and slow 
cooling is generally spoken of as “annealing.” 

The resistance of such a cell as that described is generally 
from 50,000 to 100,000 ohms in the dark, and 50 or 60 per 
cent. less in diffused daylight. If alternately screened and 
exposed, it will with an electromotive force of 50 volts or 
upwards easily actuate an ordinary telegraph relay. 


\ 3. Hypothesis as to the Action of Light upon Selenium. 
§ Yp yf Laght wp 


Selenium as supplied commercially is never free from 
impurities, and indeed I have lately been informed by a dis- 
tinguished chemist, who has given some attention to the 
subject, that perfectly pure selenium has not yet been obtained. 
Graham Bell states that the samples collected by him in 
different parts of the world were found to contain, among 
other things, the metals lead, iron, and arsenic. 

Ten years ago I suggested * that metallic selenides, whether 


* Proc. Phys. Soc, vol. vii. p. 129; Phil. Mag. August 1885, p. 178. 
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originally existing as impurities in the Se or formed at the 
expense of the electrodes during the process of “annealing,” 
might play a very important part, not only in relation to the 
conductivity of crystalline Se, but also in bringing about the 
apparent change of its resistance under the influence of light. 
According to my hypothesis, the conductivity of Se depended 
mainly upon the selenides which it contained. I supposed 
the conduction to be of a truly electrolytic character, the 
current decomposing the selenides, and depositing upon the 
anode amorphous Se and upon the kathode the various 
metals. Amorphous Se is a non-conductor: unless, therefore, 
the deposited Se combined more or less freely with the metal 
of the anode, forming upon it a layer of conducting selenide, 
the resistance of a Se cell would, under the influence of a 
current, soon rise to infinity. It has been shown that Se 
does slowly unite with at all events some metals when merely 
brought into contact with them, and I ventured to suggest 
that light played its part in reducing the resistance by 
facilitating this union. The action would occur not only at 
the anode, but throughout the body of the Se, the recombina- 
tion of the separated molecules of Se and the metal (forming 
the “ Grotthuss chain”) being similarly assisted. 

This hypothesis would, as I showed, explain many observed 
facts which could not otherwise be readily accounted for, and 
I adduced in support of it several arguments which need not 
here be repeated. But the hypothesis postulated two im- 
portant assumptions which I was not able at the time (nor 
when IJ returned to the subject five years later) to justify 
by experimental evidence. It assumed that solid metallic 
selenides conduct electrolytically, and that the combination 
of selenium with a metal is accelerated by the action of 
light. ; 

My recent experiments, some of which are discussed in the 
present -paper, were undertaken primarily with the object of 
testing these two assumptions. In the course of the investi- 
gation, however, many other interesting points presented 
themselves for consideration, and some of the results arrived 
at are also here recorded. The experiments are described in 
the order which appeared to be most convenient ; it is of 
course not that in which they were actually performed. 
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§ 4. The Effect of Annealing upon the Specific Resistance of 
Crystalline Selenium. 


The resistance of Se which has been crystallized and 
annealed out of contact with any metal appears to be always 
much greater than when metallic electrodes have been fused 
. into itin the usual fashion. It also depends to a large extent, 
and ina manner which is not yet fully explained, upon the 
treatment which the Se has received. 

Exp. 1.—A number of disks were prepared by casting Se 
ina mould formed by placing a glass ring, such as is used for 
microscope slides, upon a glass plate. The thickness of a 
disk was made approximately uniform, and its surfaces polished 
by rubbing upon fine glass-paper laid upon a sheet of plate 
glass. The disk to be tested was inserted between pads of 
vulcanized rubber covered with tinfoil, which constituted the 
electrodes, and the whole was placed between hinged boards 
and loaded with a weight of 28 Ibs. (12°7 kilos). It is un- 
necessary to describe the tests in detail, inasmuch as the only 
result arrived at was the negative one that crystalline Se has 
no definite specific resistance. In different tests of disks pre- 
pared from the same sample and as far as possible in the same 
manner, it varied from 33 megohms to 16380. 

The specific resistance is certainly not always diminished, 
as is generally believed, by prolonged heating at a high 
temperature ; 7. ¢. between 200° and 217°. Itis indeed often 
increased after such an operation, as in the following extreme 
instance. 

Exp. 2.—A disk of Se was crystallized and heated for an 
unrecorded number of hours in a copper air-bath at about 
200°. Its specific resistance was afterwards found to be 388°5 
megohms. It was again heated at the same temperature 
for three hours. When cold its specific resistance was 660 
megohms. In both cases it was cooled slowly. 


§ 5. Action of Selenides. 


On the other hand, prolonged heating always diminishes 
the resistance of a Se “cell” having electrodes fused into it. 
This I have attributed to the action of the conducting metallic 
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604. Physical Properties of Solid Carbonic Acid. P. Villard. 
(Bull. Soc. Frane. Phys. 66. 1895.)—Carbonic acid crystallises at 
— 57° under a pressure of 5:1 atmos. The crystals have no action 
on polarised light. The liquefied gas boils at ordinary pressure in 
an open vessel at —79°, the former boiling-point of —60° corre- 
sponding to a pressure of about 4 atmos. Ether does not lower 
the temperature of the snow, but methyl chloride when added to it 
yields a true freezing-mixture, the temperature falling from —65° 
to —85°. Nitrous oxide does not dissolve carbonic-acid snow. In 
vacuo a temperature of —125° can be obtained from carbonic acid 
alone, and the author thinks that it alone would be sufficient to 
liquefy oxygen with ordinary laboratory apparatus. S. R. 


605. Interpretation of Lunar Photographs. Loewy and P. 
Puiseux. (OC. R. 121. pp. 79-83, 1895.)—In the second paper 
the authors discuss their own enlargements on glass of their 
photographs. The fairly uniform appearance of the moon is in 
accordance with the theory of Laplace. Besides the predominating 
rings there are systems of less strongly marked straight lines, which 
have no connexion with the relief of the area around them. These 
lines represent the refusion seams of already cooled masses, and 
are totally different from telluric valleys. They are almost 
rigorously rectilinear, without ramifications, and of equal width 
and depression below the level around throughout their length ; 
there are no indications of erosion and sediments. ‘T'wo or three 
systems of such groups of parallel lines can be distinguished, which 
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are frequently tangential to the rings. Thus Albategnius is in- 
scribed on a parallelogram whose acute angles are again cut off by 
lines, so that a hexagon is produced. Such polygons are frequent, 
and the lines are often tangents to two rings. As long as there 
was no accord between the rotational and revolutional periods of 
the moon, these junction-lines could not remain fixed. ‘Friction 
between masses of solidified scoria has destroyed projecting parts 
and produced long fissures, afterwards congealed, such as we see 
on ice-floats. That friction was tidal and, owing to the irre- 
gular shapes of the floating islets, gravitational, giving rise to 
secondary lines showing a less regular grouping. On the whole, 
however, the lines are equatorial near the equator and more 
meridional near the poles. Two circumstances support these 
views. If the lines represent ancient fissures in which the liquid 
mass was afterwards congealed, they would coincide with lines of 
least resistance, and we find indeed along them many small craters. 
Further, if, owing to continued contraction, an eruption, or tidal 
influences, the pressure should have been reduced at some spot under 
the crust, circular hollows might form and the lines would limit 
the affected area; hence the straight outlines of areas of depression. 
The authors are preparing a map on the scale 1: 1,800,000. H. B. 


606. Solubility of Metals in Mercury. Gouy. (J. Phys. 4. 
pp. 320-321, 1895.)—The author finds that the ratio of the mass 
of metal dissolved to the mass of solution is as follows :— 
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These are at a temperature 15° to 18°. 


eo Ae At higher temperatures 
the solubilities increase rapidly. 


J. W.C. 


607. Linkwork with Jointed Quadrilaterals. IN. Delaunay. 
(J. Phys. 4. pp. 315-320, 1895.)—The author deseribes first a 
‘¢ projector ” in which a jointed quadrilateral is made to run with 
two of its points, equidistant from an angle D, confined to a straight 
slot ; when the apex of the angle B, opposite to D, describes ariy 
curve, the apex of the angle D describes an orthogonal projection 
of that curve. Jor example, if B describe a circle, D describes an 
ellipse (‘ ellipsograph ”), the excentricity of which varies with the 
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distance between the slot and the angle D. In a third piece of 
apparatus B and D are allowed to run freely in a straight slot ; 
A and C are left free; but an additional pair of arms, say BC! and 
DC’, shorter than BC and DO, is so arranged that the pin C’ may 
run back and fore in a slot in a bar pivoted on the midpoint of 
that bar which carries the slot in which Band Drun. A and © 
then describe a hyperbola (“ hyperbolograph”). M. Delaunay also 
describes a “ duplicateur” in which, through the addition of other 
bars, he makes one rotation of a point O result in two rotations of 
the point B, without dead points; and he gives a development of 
Tchebishtcheff’s apparatus for transforming rotation into alternative 
movement, the effect of the new contrivance being to transform a 
rotation into four motions (reciprocating and approximately recti- 
linear, and at right angles and parallel to one another) of the four 
outer points of the apparatus. ALD: 


——_ 


608. Kinetic Theory of Heavy Fluids. lL. Houllevigue. 
(J. Phys. 4. pp. 301-305, 1895.)—For his starting-point the 
author refers to an article by Clausius in OC. R. 1870, p. 1314; 
the abstractor refers the English reader for the same to pp. 61-63 
of Watson’s ‘ Kinetic Theory of Gases,’ where can also be gathered 
the definitions of many of the symbols used below. In the 
case of a liquid in a condition of stationary motion, 

W = —-325 (Xe4+Yy4+Zz). 

The author considers a mass of fluid, in equilibrium, enclosed in a 
cylinder, infinitely flat, of cross section 8, whose generators of 
height dz are parallel to the vertical axis OZ, and lets z, represent 
the distance of the lower end from the plane wy, p the pressure on 
the upper end, and p+dp the pressure on the lower end, forces 
which are normal in the case of stationary motion. He evaluates 
on this hypothesis the value of the wrial ; 2. ¢., of the expression 


—3 > (Xaw+ Yy+ Zz). 
He shows that the virial of the little cylinder equals 
dz 
Vitde(2 +5 )+428@ +42) 
1 

Hp +ap)S,+(pt+ 2) So: Cerner @:) 
where V, is the virial depending on intermolecular actions, and 
aw is the weight of matter contained in the elementary cylinder. 
Since, as indicated by the author, the values of W and V are 
independent of the position of the coordinate axes, and in particular 


of the value of z, it follows that the coefficient of z, in the expres- 
sion (1) equals zero; whence 


Ja +4pS—3(p+dp)S =0, 


which gives dp = aS. 
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Ultimately it is shown by some simple manipulations that 


i 
W a Vike (e+) . . . . . . (2) 


where v equals Sdz, 7. e. the volume of the cylinder. 

The paper concludes with a consideration of the [sothermals of 
a Perfect Gas having Weight. The author takes a fixed weight a, 
as small as possible, contained in the elementary cylinder already 
described; W is a constant; V,=0; and (2) can be put in the 
form 


2W 


(Hy) 


from which equation, inasmuch that for a fixed value of p 
v is not definite, for it depends on the section 8, the conclusion 
is drawn that, rigorously, a heavy gas has not a definite iso- 
thermal. AY Gs. 


v= 


609. Algebraical Machines. La. Torres. (C.R.121. pp. 245— 
248, 1895.)—Considering an equation of which all the variables 
may have imaginary values, each variable A being really a 
function of two others, its modulus a and its argument a, one 
may represent it by two moving parts. One method described in 
the paper is carried out by means of the following mechanism :— 
T'wo parallel shafts carry gear-wheels, one large and one small, on 
each shaft ; each large one being iv the plane of, but not in gear 
with, the small wheel on the other shaft. The gearing is effected 
by an idle wheel, sliding and turning upon a third shaft parallel to 
and between the two others. So far, either one pair of wheels or 
the other are in gear with the idle wheel, and one shaft drives the 
other at one of two different speeds. But between the two wheels 
on each shaft a spiral fusee is cut, with a uniform screw pitch, and 
with a generating radius diminishing from that of the large wheel 
to that of the small wheel. The edge of this fusee is cut with teeth 
of the same pitch as that of the gear-wheels, and is continuous with 
them. In the equation 


Ve = log [10"¢+1]-+mU, 


the idle wheel gears with one pair of the end wheels when U,< —J, 
and with the other pair when U.>+J, giving in the first case the 
speed-ratio m, and in the second case m—1. While U changes 
from the value —J to +J, the idle wheel runs over the intervening 
10U, 
10°e+1 
idle wheel over the spiral to the end wheels and back is controlled 
by the last wheel of a counter, which makes one revolution while 
the fusee makes hundreds or thousands. Many equations may be 
represented in a single machine. A machine was presented, with 


spirals, giving the speed-ratio 


+m. The passage of the 
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the paper, to the Academy, which calculated, with a relative error 
of ;45, the real roots of the equations 


a+Aae®>—B=0 and «#—Aav’+B=0. 
AY Peer 


610. Laws of Friction. P. Painlevé. (C. k. 121, pp. 112- 
115, 1895.)—On forming the equations of motion of bodies 
subjected to friction it is found that, when the friction is con- 
siderable, for certain initial conditions the equations are satisfied 
by several different motions, whilst for other initial conditions they 
are inconsistent. The author investigates this mathematically for 
a few cases, and concludes that the ordinary laws of friction are 
logically inadmissible when the friction is great. J. W.C. 


611. Osmotic Phenomena between Ether and Methyl Alcohol across 
various Membranes. FY, M. Raoult. (C. R. 121. pp. 187-189, 
1895.)— When the two compartments of an osmometer are filled 
with two different liquids there is, in general, osmosis—i.e. a 
passage of liquid through the permeable wall. When ether and 
pure methyl] alcohol are used, with a diaphragm of pig’s bladder, 
the following flow of hquid may be observed :— 


(a) From the pure methyl! alcohol to the pure ether ; 

(6) From the pure methyl alcohol to a mixture of 1 ether and 
4 methy! alcohol ; 

(c) From such a mixture to the pure ether. 


It appears, then, that the bladder is impermeable to ether, and 
that the rapidity of flow is in inverse proportion to the quantity of 
ether mixed with the alcohol. Across a diaphragm of vulcanised 
caoutchouc | millimetre thick osmosis occurs quite as energetically 
as with pig’s bladder, but always in a contrary direction. The 
effects detailed above are all reversed; so that the vuleanised 
rubber appears to let through ether, but not methyl alcohol. 
To measure the pressure which can be obtained by this osmosis is 
difficult, because such large pressures can be obtained. In one 
experiment 50 atmospheres was obtained before the apparatus 
broke down. ‘The experiments show (1) that the osmosis between 
two given liquids not only varies much in rapidity but also changes 
in direction when different membranes are used, and (2) that the 
osmotic passage of substances across a diaphragm must be abso- 
lutely independent of the molecular weight and of the character ot 
the substances dissolved or of the solvents. S.S. 


2. Muscular Energy of Positive and Negative Work. A. 
Crees. (C. R. ee 91-97, 1895.)—The author has 
established that positive work (lifting a load) heats the muscles 
more than negative work (lowering the load). The figures of three 
series are :—Negative work 0°-095, 0°-093, 0°:239: positive 0° 108, 
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0°-121, 0°310: the ratios 0°88, 0-77, 0°77. He now treats the 
energy-problems graphically, and mentions that observations of 
the work of respiration entirely confirm his views, but he does not 
enter into any explanations. In the case of positive work, the 
muscular energy which creates the physiologic elasticity is entirely 
derived from the then more active chemical processes. Negative 
work requires less energy, inasmuch as the destroyed mechanical 
energy helps. The muscular elasticity created by dynamic con- 
traction has two things to do when a load is to be lifted: to 
maintain the equilibrium at all positions, and to raise the load 
from position to position. The energy of the first process is always 
half of the energy required to support the body at the maximum 
height to which it is raised by dynamic contraction—that is, halt 
the static energy. To this is to be added the energy of the second 
process—raising the load. In the case of negative work the latter 
energy is to be deducted ; the first term remains the same. H. B. 


613. Maxwells Theory of Movement of Pure Ether. TI. ve 
Helmholtz. (Wied. Ann. 53. pp. 135-143, 1894.)—In this paper 
motion produced in the ether under the Maxwellian system 
of stress is considered. If «, 6, y be the component velocities at 
any point of the ether considered as an incompressible fluid, then 
the quantity called in a previous paper the electrokinetic potential 
is represented by the expression 


oe , OF , Oy 
§);—4+2 + — |dady dz 
{lj eee! pica? 


where S is a function of the coordinates and remains constant, 
since by the equation of continuity the quantity in brackets is zero. 
It (X, Y, Z)(, M, N) be the electric and magnetic forces according 
to the specification of Hertz, then the components of electric stress 
in the medium are, according to Maxwell’s theory, 


Lt ox oY 7lOm Of 
frame NE (ee Z = 

Te | ABY . He ay, =x) I 
‘a= &e. &e-, 
ie = &e. &e. 


Magnetic stresses Zn, Yn, Zm are given by precisely similar 
expressions, so that the total stress-components are 


= Bet Bim, Y=Y¥e+FYn, Z=Ze+-Zn. 


The quantities OY/OZ—0Z/oY in the above equations correspond 
to components of the forces which are not derivable trom a 
potential, and are hence called cyclic forces. If we write the 
system of equations, 
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Oy z dh 
“—-—=-—4rA —, &e. 
dz Oy ee 
ae 4rA sas &e. &e., 
7] z dt 
where 
GAS A 0 , Co) ‘ 
de = 9 ty BO-Xa} + 2 hy—Ne, 
&e. &e, XG. 
dL = OL ro) 7 ( fo) + 
Ui ry; ie (L6—Ma) + ae (Ly—WNa), 
the total stresses and components become 
iM. aN dz dY ) 
B= AD 7 aN as 
{ at 2 dt ae 3 dt pee 


or, if for shortness we put 
$= ZM—-YN, ONO=XN-ZL, R= YL—XM, 


the stresses are given by 


eee? 6 = xO ONT, 
bel wes. east Z=A—. 
Thus, only if the distribution of electricity is of such a nature as to 
cause a flow of energy in the ether, are there ponderomotive forces 
in the ether which are not counteracted by incompressibility, and 
in this case the ether must be set in motion. The electro- 
magnetic disturbances once set up propagate themselves with the 
velocity of light. The quantities $$, OQ, 9 are ordinarily of the 
second order of magnitude, and in light oscillations are vanishingly 
small ; so the forces which arise from them are vanishingly small 
also of the second order. 

The electric equilibrium, when disturbed, is restored with great 
rapidity ; but in free ether those electric and magnetic distributions 
which give rise to cyclic forces which cannot be equilibrated by 
pressure must call forth motion of the ether, and this will go on 
increasing until the electric and magnetic forces induced by the 
motion have annulled the ponderomotive forces. The next 
inquiry of the paper is whether such motions can in every case be 
found in the ether as will annul the ponderomotive forces not 
annulled by incompressibility. The forces annulled by the pressure 
of an incompressible fluid are of the form 


zy = = &e., &e., 
and the conditional equations which must be fulfilled in order 
“that the cyclic forces in the free ether may be equilibrated, are the 
three : 
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Bs 4{Eoa-M) (Bon 


Ox Ot Ov Ov Oz 
&e. &e. &C., 
&e. &e. &C., 


and the equation of continuity. Elimination of a, 3, y gives 


dP. , dB\/9Q_ aw) , /aP Sy 
Seo! (= =) Was eee ok 
BP, , W\ /(2P_aQy _ 
cA Geer oor Need) 


From this equation P can be found, if the functions J, O, Ht of 
X,Y, 2, t are given. 

The conditional equations give each two of the quantities a, B, y 
in terms of the third, so that the direction of the stream-lines is 
determined ; and since the product of the resultant velocity into 
the cross section of each narrow tube of flow is constant, the 
components of flow are all given if their resultants are given for 
all points in the plane w=const. The complete integral of the 
conditional equations can be constructed from any one particular 
integral of the system of equations, and the general integral for 
the case of 


oP/oi=0, WO/dOt= 0, OR/ot = 0. 
Tf the last-written equations hold, we have 
@l Ole, oly 
— aaa ase (|) 
‘ Ox cea are oz : 
and the stream-lines lie in the surface P=const. Also the lines of 
which the equations are 


de: dy: dz = 00/0z—oR/dy, &e., 
lie in the same surface. 

In certain circumstances there will be slipping of the ether at 
the surfaces of the bodies. This may be regarded as a very rapid 
transition in value of the tangential velocities taking place in a 
thin boundary layer, where also there is a corresponding rapid 


transition in the value of the tangential components of the electric 
and magnetic forces, A= Gy: 
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614. Comparison of the Spectra of the Gas from Cleveite and of 
the Solar Atmosphere. HI. Deslandres. (C. R. 120. pp. 1112- 
1114, 1895.)—A spectroscopic tube closed by a quartz plate was 
arranged so as to receive the gases evolved from cléveite when 
heated or brought into contact with sulphuric acid. Before 
heating, the air in the tube showed some of the lines of argou; 
on heating to 300°, there was a copious evolution of an oxy- 
compound of carbon, apparently produced by the dissociation of 
some compound. On placing the cléveite in contact with the acid, 
the ray D, appeared for the first time, accompanied by other intense 
lines both visible and ultra-violet. The author has determined the 
wave-lengths and intensities of these rays: he finds that the lines 
of wave-lengths 587°6 (D,) and 447°18 are coincident with lines 
always present in the spectrum of the sun’s chromosphere, but 
their relative intensities in the sun and in cléveite gas are not the 
same. Altogether 20 lines were recognised in the cléveite spectrum, 
of which 13 have been observed from time to time in the solar 
chromosphere by the author or Young. Several rays were fairly 
intense in cléveite, notably \ 501°6 and 4388-88, which occur in 
only 25 to 30 per cent. of the observations of the sun’s spectrum, 
and then only as faint lines. The author therefore considers 
cléveite gas to be a mixture or a compound, and is strengthened in 
his opinion by an observation that the line D, never occurs at the 
negative pole, while \ 501°6 is there very visible. J. L. H. 


615. Colour Photography by Absorption-Colours, and Mechanical 
Colour-Selection in Nature. O. Wiener. (Wied. Ann. 55. 
pp. 225-281, 1895.)—Zenker, in his ‘ Lehrbuch der Photo- 
chromie,’ 1868, first attributed the colours as photographed on 
a medium to a periodic structure in that medium, produced by 
stationary light-waves—an explanation which was confirmed by 
Lippmann’s experiments in 1891. However, in 1871, Schultz- 
Sellack raised some objections to the theory, as being inapplicable 
to the methods of Seebeck and Poitevin, and also to his own; and 
as these objections seemed worthy of further notice, the author 
undertook the experiments detailed below to bring the matter to 
a satisfactory conclusion. Schultz-Sellack questioned the pos- 
sibility of obtaining regular stationary waves in powders, or where 
the sensitive film is not backed by a reflecting surface; Seebeck 
having employed in 1810 a damp powder of silver chloride, and 
Poitevin having sensitised paper by immersion in various solutions. 
[For the future these two methods will be designated as “old.” ] 
In the case, however, of Becquerel’s method, where a transparent 
film was formed on silvered plates, the objections could have no 
weight. Schultz-Sellack brings forward the alternative theory of 
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mechanical subdivision of the sensitive layer to varying extents, 
depending, not on the colour, but on the effective intensity of the 
incident light. The colour-reproduction would be consequently 
purely accidental. his theory is shown later to be false. The 
possibility of the colours being other than interference-colours 1s 
suggested by Carey Lea’s production of coloured substances froin 
the haloid salts of silver by purely chemical means ; also by some 
experiments of Krone on Poitevin’s method, pomting to a similar 
result. It would seem, therefore, that the results of Lippmann 
and Becquerel’s methods were essentially different from those of 
Seebeck and Poitevin—the old methods,—the former producing 
interference-colours and the latter actual or absorption-colours 
(‘‘ Korperfarben ”); and the following experiments support this 
view. 

If Lippmann’s gelatine plates be moistened by a steam-jet, the 
colours change rapidly to those of longer wave-length, owing to the 
expansion of the gelatine increasing the distance between the 
interference-layers. This does not take place on treating simi- 
larly the films of the old methods. To distinguish further between 
the interference- and absorption-colours, the spectrum was divided 
aloug its length into two portions, which were illuminated with 
rays of different angles of incidence; obviously the greater the 
angle of incidence, the longer distance, as measured in the direction 
of the ray, is there between the interference-layers, assuming these 
to exist, and the nearer is the apparent colour to the red end of 
the spectrum. Thus the two portions of the spectrum would, in 
the case of interference-colours, appear shifted relatively to one 
another. This double illumination was brought about by placing 
a right-angled prism with its hypotenuse resting on the plate so 
as to cover half the spectrum, the space between the two being 
filled with benzol to prevent-total reflection. The light falling on 
the plate at an angle of 45° enters the prism perpendicularly to 
its surface, and after refraction enters that portion of the film 
lying under the prism at a smaller angle of incidence. A mark is 
made along, say, the sodium line, and the observer looks at this in 
the direction of the surface of the prism, so that he can see simul- 
taneously the two portions of the line through the prism and 
outside it. The portion of the sodium line seen through the prism 
would, in the case of interference-colours, appear shifted towards 
the red. Both Lippmann’s and Becquerel’s plates, when observed 
under these conditions, showed a considerable shifting of the 
spectrum, amounting to about 2mm. In attempting to observe 
similarly films of the old methods, certain difficulties arose. 
Seebeck’s plates consist of chloride-of-silver powder pressed 
between two glass plates; owing to the total reflection which 


would take place at the surface of the glass and air, the method 


could not be employed without the introduction of benzol, which, 
however, could not be effected without disturbing the powder. 
The powder was therefore mixed with collodion and allowed to set 
upon glass, and the film so obtaimed observed as before. In this 


Te oe 
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case no shifting of the spectrum could be seen, nor again in the 
case of Poitevin’s paper sheets. 

A further proot of the colours on Becquerel’s plates being due 
to interference is afforded by stripping the film from its silvered 
support, and viewing it from the back. The spectrum appears 
very considerably shifted from its position when regarded from the 
front, and the colours are changed in tone. Such a change would 
be inconceivable with absorption-colours, and could be explained 
only by interference. Want of space prevents the author from 
giving the explanation of this phenomenon here. A similar effect 
was observed in Lippmann’s plates, and accounted for in a way 
which is, in the author’s opinion, erroneous. Applying the same 
test to the films produced by the old methods, which are trans- 
parent enough to be viewed from the back, the colours appear in 
exactly the same position when seen from either side. Also they 
appear identical in transmitted and reflected light, which is indeed 
another proof that the latter colours are due to absorption; for in 
the case of pure interference the colours seen by transmitted and 
reflected light must necessarily be complementary. 

These foregoing experiments leave no room for doubt that the 
Lippmann and Becquerel plates owe their colours to interference, 
while in the old methods actual absorption-colours are produced. 
It would appear natural, however, that the absorption-colours pro- 
duced in Seebeck’s plate were also produced in Beecquerel’s, the 
sensitive substance in the two being chemically almost identical. 
Yet with clearly defined interference-colours they would not be 
noticeable ; but were the exposure lengthened the nodes of the 
stationary light-waves would spread, making the interference- 
colours weaker and the absorption stronger. To test this a 
Becquerel plate was exposed for 30 hours. With this the prism- 
experiment gave a hardly appreciable shifting of the spectrum, and 
also the film, when stripped from the support and viewed from the 
back, showed the colours in the same position. It is therefore clear 
that there are absorption-colours produced as in Seebeck’s plates, 
and that they play the more important part the longer the exposure. 
It remains to consider the sensitive substances and their action. 
The plates were exposed to the light of an electric are with 23 mm. 
carbons ; the time of exposure to this was in most cases from 
one-half to one hour, though under favourable conditions colours 
appeared after a few minutes. For producing Seebeck’s plates, 
pure chloride-of-silver powder was precipitated and dried in the 
dark, and finally introduced between two glass plates, whose edges 
were then cemented together. The plate was then given a pre- 
liminary exposure to violet or white light until coloured a dark 
violet. For Becquerel’s process a copper plate silvered and polished 
was put as positive electrode in dilute hydrochloric acid (1: 8), and 
a current of 2-4 amperes for a surface of about 30 sq. cms. passed 
for a few seconds. ‘The plate was then dried and rubbed with a 
soft leather. In the preparation of Poitevin’s paper, Rives rough 
paper was immersed for two minutes In a 10-per-cent. salt solution, 
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then for one minute in an 8-per-cent. solution of silver nitrate ; 
after rinsing, it was exposed to daylight while ina solution of 5 grm. 
stannous chloride in 100 ¢.c. of water till fairly dark, when it was 
dipped in a mixture of one part saturated potassium bichromate 
and two parts saturated copper-sulphate solution, and then dried. 
No development is required with any of these processes. With 
regard to the sensitive substance, Guntz has lately shown that 
a subchloride is formed on exposing silver chloride to light. 
Pure unexposed silver chloride is sensitive only to violet and ultra- 
violet light ; however, after a preliminary exposure the mixture of 
chloride and subchloride is sensitive to all colours of the spectrum. 
It was found that chemically prepared subchloride was sensitive in 
the same way as the mixture to all colours. Becquerel’s plate con- 
sists of silver chloride with a very small proportion of subchloride. 
As to the comparative merits of the various methods, Becquerel’s 
cives bright and accurate colours, as does Lippmann’s, and is far 
superior te either Seebeck’s or Poitevin’s. Seebeck’s plates show 
clearly only violet, blue, and red; green is tar from clear, and 
yellow generally absent. Poitevin’s give better results; all the 
colours appear, though often with a uniform yellow-brown tinge. 
Lippmann’s image has the advantage over Becquerel’s of greater 
sensitiveness, and of being capable of fixation; but the colours 
change considerably with the angle of incidence and cannot be 
seen in diffused lght—neither of which defects are possessed 
by Becquerel’s plates, owing to the high index of refraction. 

The theory of Schultz-Sellack, mentioned above, demands some 
notice. He formed a transparent layer of iodide of silver, by 
iodising a silver deposit on glass. This, says Schultz-Sellack, 
cannot be chemically changed, as the iodine has no absorbent; the 
change on exposure is therefore mechanical, the surface being 
reduced to a fine powder, visible under the microscope. That the 
cause of the colours here is different from that in the old methods is 
shown by a change of colour consequent on a change in the angle 
of the incident light. Again, Schultz-Sellack’s statement that the 
different colours are produced by differences in the intensity 
and duration of the illumination, and not by differences in the 
colour, is inapplicable to the old methods. A test applied to 
each of the films showed that during the exposure red first made 
its appearance, but suffered no change in colour, and the other 
colours appeared later in their proper places; whereas, were the 
above theory correct, one colour would first appear over the whole 
spectrum, changing gradually to the other colours in corresponding 
positions. It is therefore to be concluded that Schultz-Sellack’s ex- 
planation of the colour-reproduction by the old methods is incorrect. 

The ideal sensitive substance for reproducing colours by absorp- 
tion should have the following properties :—Since the reproduction’ 
of colour depends on the change in the substance consequent on 
absorbing the coloured light, the sensitive substance must be uni- 
formly absorptive for all colours, and must give at least three 
products of the action of light possessing primary colours, and 
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besides, white, though the latter only in a slight degree. Also, any 
colours so formed must be sensitive to light, so that any mixture 
of the primary colours may be reproduced ; obviously any colour 
cannot be sensitive to similarly coloured light, since it does not 
absorb it. The original colour of the substance must be black; 
otherwise this will not be reproduced. White will be given by the 
combined action of all the colours. Such a substance would re- 
produce accurately all colours within certain limits of exposure, 
beyond which white would predominate and cause the colours to fade. 
The above characteristics seem very involved, but are nevertheless 
derived from the actual characteristics of the imperfect processes at 
present known. In the old methods the first imperfection is that 
the fundamental substance is not black, but is in Seebeck’s dark 
violet to grey-violet, and in Poitevin’s dark grey-violet to grey- 
brown; these tones therefore take the place of black. The 
coloured products of the action of light are, from Carey Lea’s and 
Krone’s researches, of great number or of great variety of colour. 
They have the disadvantage, however, of not being pure simple 
colours, which accounts for the inexact reproduction of the tones. 
There exists, too, in Seebeck’s method no white product, so that 
this cannot be reproduced ; it does exist, however, and is produced 
in Poitevin’s—also only with difficulty, so that the colours fade 
only after a very long exposure. 

To test the action of different lights on the coloured products 
the following experiment was made :—A spectrum was thrown on 
to the spectrum-image on the film but crossing it, the lines of the 
two spectra being at right angles. Under the red of the second 
illumination the red only of all the colours of the image was un- 
altered ; all the other colours took a red tinge. And the same can 
be said of the other colours, though these, being not clearly 
impressed on the image, were still less so after the second illumi- 
nation. The same experiment was carried out with a better result 
on a Poitevin paper; and it may be concluded that, in general, 
each coloured substance remains unaffected only by the similar- 
coloured light, and is changed under other lights. One exception, 
however, arises: the yellow or, rather, orange colour which is pro- 
duced by a yellow illumination is not changed by a red or a green 
light, and only slightly by a blue, and is therefore toa great extent 
insensitive to light. By a short exposure to a sodium-flame, first 
a red, which later changed to an orange-coloured product, was 
formed. The sensitive substance therefore, in Poitevin’s method, 
departs from the ideal conditions in not reproducing the yellow 
colour accurately ; and consequently the false product also, as 
might be expected, does not follow the ideal conditions. 

As a conclusion from the foregoing results it may be stated that 
colours are reproduced in photography by a process of colour- 
selection (“ Farbenanpassung ”); that coloured substance remaining 
under each coloured light which can best withstand the continued 
action of that light, and this is the substance of similar colour to 
the light. A very similar colour-selection appears to obtain 
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in nature, and the changes of colour there observed are worthy of 
notice here. When Darwin’s theory of natural selection began to 
play so important a part in accounting for all changes in animal 
and vegetable structure, adaptation of the colour of animals to that 
of their surroundings was attributed to the same process, and any 
immediate effect of light on the colour of the skin or hair was lost 
sight of. That there is such a direct effect is nevertheless conclu- 
sively showa by the rapid changes observed, for instance, in the 
colours of chrysalides and caterpillars—changes first noticed by 
Wood, and afterwards dealt with very fully by Poulton. Wood 
attributes the change of colour to a photographic sensitiveness of 
the skin, but gives no proofs in support of the supposition. In 
the case of fishes and frogs the change of colour is due to an 
alteration in the disposition of the colour-bearing cells—the so- 
called chromatophora. The power of changing colour is, however, 
lost with the removal of the eyes. Poulton, in endeavouring to 
find a similar behaviour among caterpillars, covered the eyes with an 
opaque screen and also removed the horns, thinking that these might 
possibly be the seat of asensitive organ. Their power of changing 
colour was nevertheless in no way diminished: it must therefore 
reside in the skin. The skin of Amphidasis betularia, a caterpillar 
capable of changing colour to a marked degree, owes its green colour 
to a substance in the layer of fat between the epidermis and surface- 
muscles. The epidermis itself can contain a dark-coloured matter 
which, hiding the green, gives a brown colour to the skin. The 
change in this instance is not due to a different arrangement of 
the fixed colour-cells, but an actual alteration in the colouring- 
matter under the action of light. The principal changes take place 
in the dark substance in the epidermis, though the green below is 
also affected. The biological explanation of these colours as pro- 
tective to the animal appears to be contradicted by the colours being 
not only those of the natural surroundings, but others which cannot 
be considered as such. Thus Morris succeeded in producing white, 
red, salmon, black, and blue pupe of Danais chrysippus, which are 
only green or pink in nature. Nevertheless it is not to be denied 
that natural selection may have been instrumental in forming such 
a sensitive colouring-matter—one indeed approaching closely to the 
ideal colour-sensitive substance mentioned above. How close this 
similarity is may be seen from a further conclusion of Poulton’s: 
that the surroundings determine not only the presence or absence 
of the pigment in the epidermic cells, but also its constitution and 
therefore colour when present. Against the similarity must, how- 
ever, be mentioned the following experiment by Poulton :—The 
caterpillar, when illuminated by lights of two different colours, did 
not become parti-coloured, but of a uniform colour of average tone. 
But his hypothesis that the colour was distributed by the action of 
the nerve network would remove the objection this brings against 
the colour-sensitive nature of the substance in the skin. That 
a certain relation exists between these substances and those used 
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in colour-photography seems evident. Nor does such a relation 
necessarily interfere with the theory of natural selection as applied 
here ; for those individuals would best be protected from destruc- 
tion whose skin was most sensitive to colour. Finally, therefore, 
it may be said that as in photography those colours are selected by 
each coloured light which can best withstand the continued action 
of that light, viz. the corresponding colour, so a similar mechanical 
selection gives rise to the changes observed in nature. G. H. B. 


616. Theory of the Perception of Colours. G.Darzens. (C.R. 
121. pp. 133-185, 1895.)--The theory supposes that the retina 
behaves very much like Lippmann’s well-known films, and that 
interference effects are produced in the neighbourhood of the rods 
and cones. The rods are supposed to be acted on indifferently 
whatever the wave-length, and so to detect light but not indicate 
the colour; the cones, being of unequal lengths, will be acted on 
differently according to the wave-lengths. The theory is supported 
by the observations that at the yellow spot, where colour-delicacy 
is very great, the cones are abundant ; that nocturnal animals, which 
do not trouble about colours, have no cones; and that birds which 
live on coloured insects have many cones. The theory is brought 
into accord with the hypothesis of Young and Helmholtz by sup- 
posing that the cones can be divided into three groups connected 
with three centres of perception. A. Gs. 


617. Photography in Natural Colours. R. Neuhass. (Verh. 
Phys. Ges. Berlin, 14. pp. 18-24, 1895.)—Up to now a grainless 
film has been considered a sine gud non in colour-photography ; 
nevertheless Valenta’s and Lumiére’s plates, which reproduce 
colours excellently, show grains about the length of half a light- 
wave, their size being increased in development by about five 
times. Under these circumstances it seems questionable whether 
interference layers canexist. Other facts, too, contradict Zenker’s 
theory. Lengthening the exposure changes the coiours to those 
of longer wave-length, and rubbing the plate with alcohol has the 
contrary effect, whereas, following Zenker’s theory, it should 
merely weaken the colours by removing some of the layers. How- 
ever, a direct proof of the existence of interference layers was 
afforded by examining a transverse section of the film under the 
microscope, when the striated structure could be resolved. In the 
author’s experiments considerable differences presented themselves 
in images formed under the same conditions ; and these led the 
author to the conclusion that the images were sometimes on the 
surface and at other times in the substance of the film. However, 
no satisfactory explanation could be brought forward to account 
for this difference. Gro. RB 
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618. Colour Perception. Hl. W. Vogel. (Wied. Ann. 54. 
pp. 745-751, 1895.)—Some years ago the author published the 
results of some experiments showing how uncertain and how 
dependent on circumstances is our idea of colour. This is most 
marked in considering complementary colours. Thus, one coloured 
light can be complementary to many others, as white indeed is to 
all simple colours; also, those colours generally looked on as 
complementary—red to green, sulphur-yellow to cobalt-blue, 
&c.—are so only in the presence of white light. Further, the 
idea that light of a certain wave-length gives a fixed colour- 
impression is entirely false ; our estimate of the colour is widely 
influenced by the brightness. For instance, the region of the 
F line appears in weak light green, while in strong light clear 
blue; the region of the G line is by weak light violet, by strong 
blue, and by strong sunlight bluish white. Helmholtz, in his 
‘ Physiologische Optik,’ realizes our inability to judge colours 
absolutely. He says :—‘ The colour of full sunlight is taken to 
be white; small deviations from this are quite inappreciable to 
us, unless we have the means of a direct comparison ; without 
this, our idea of white is most uncertain.” He caused also the 
gold-yellow of the spectrum to appear brown by contrasting it 
with clear white light. It is evident, therefore, that the only 
means of determining a colour is by comparison with another. 
Helmholtz considers the matter in this way :—In estimating 
the colour of a surface, we have always a tendency to separate 
the colour of the illumination from that of the surface.- Thus, 
if in a combined illumination of candle- and daylight, which gives 
a white-reddish-yellow colour, a shadow is formed excluding the 
candle-light, we subtract the reddish-yellow from the colour of the 
shadow and regard this as blue, whereas in reality it is white. 
This is the same as saying that the proximity of the reddish- 
yellow ground-colour enables us to realize in the candle-shadow 
the want of reddish yellow, and we therefore judge it as blue. 
Similarly, we call a surface yellow when we realize the want 
of blue rays, and red when we realize the want of green rays, 
and so on. When colour-perception is considered from this 
standpoint, the explanation of some peculiar results which the 
author obtained with mono- and dichromic light is at once clear. 
The experiments were as follows:—In monochromic light all 
traces of colour disappear from pigments, and merely gradations 
of black and white are visible. A blue pigment under blue light 
appears white, but is clearly blue on the addition of a yellow 
light. Under a combined blue-and-red illumination, yellow and 
red are hardly distinguishable ; under red and green light, how- 
ever, red appears as red, and yellow as pale yellow. That red 
and yellow pigments both appear as yellow under the double 
illumination, though this possesses no yellow rays, is due to 
the fact that both pigments reflect blue but slightly; wherefore 
one realizes the want of blue rays in each, and consequently con- 
siders each as yellow. That the pigments are distinguished on 
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substituting green for blue in the illumination is explained by the 
green rays making the lack of green in the red apparent, and 
therefore making it appear red. With the yellow pigment it is 
different: this reflects both green and red, and (according to 
Helmholtz) the mixture of these produces pale yellow. That 
a blue pigment appears white in blue light, and blue only on 
addition of a yellow, is not, as would appear at first sight, due to 
the presence of contrast-colours of blue and yellow, for these exist 
only in white light ; but the explanation lies in the fact that the 
want of yellow rays is realized only with yellow illumination, and 
this want must be apparent before the pigment appears blue. By 
reasoning similar to the above, all such phenomena of colour- 
perception may be explained. LC rads Ne 8 
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619. Mercury Thermometer Corrections. (Extracted by C. E. 
Guittaume from ‘ Zeitsehrift fiir Instrumentenkunde,’ vol. xiv. 
p. 305, J. Phys. 4. p. 324, 1895.)—The following formule give the 
correction, tin being the mercury-thermometer reading and Ty the 
nitrogen-thermometer reading :— 


From 0° to 100°, 
tm—T = tn(100—t»)(21°51 — +2638 £) 10-6. 


From 100° to 300°, 
tm—Ty = tn(100 — ty)(49°82 —°4259 t) 10-6. 

Wines 
620. Mirage Effects in Natterer’s Tubes. RP. Villard. (C. R. 
121. pp. 115-118, 1895.)—The author employs a tube of ethylene 
containing a small thermometer at each end. This tube is placed 
in ice till the whole is at 0° and part of the ethylene is liquefied. 
Tf it is then placed in water at 11°, the level of the liquid gradually 
becomes indistinct, showing a continuous change in the density and 
refractive index of the ethylene. At this stage the thermometers 
invariably register different temperatures, the upper one reading 
as much as a degree higher than the lower one; and they do not 
come to the same temperature till the contents of the tube are 
homogeneous. A layer of rapidly varying density can be produced 
in a tube above the critical temperature by gently warming one end 
with the hand. The author ascribes the appearance of mirage to 
the difference of temperature, and points out that since the density 
varies most rapidly with the temperature at the critical point, the 
mirage will be most noticeable at a layer which has the critical 
temperature. J. W. C. 
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621. Velocity of Sound. Aignan and Chabot. (J. Phys. 
4, pp. 321-323, 1895.)—A harmonium reed is mounted on the 
upper end of a glass tube, whose length can be varied by allowing 
water to flow in by the lower end. ‘he reed can only be made to 
sound when the length of the pipe is an odd multiple of half 
a wave-length, and the velocity of sound is calculated from the 
pitch of the reed and the distance between two such positions. 
The apparatus is designed for use in lectures. J. W.C. 


622. Two Graphie Methods of Counting Beats, and a Microphonic 
Capsule. F.Campanile. (N. Cim. 4. 2. pp. 373-376, 1895.)— 
(1) The interfering waves are led down a single tube to a Marey 
drum, the oscillations of which are registered by Duhamel’s method. 
Each wave is caused by the vibrations of a membrane placed in 
the wall of a sounding-pipe near a node. This method is, how- 
ever, of very limited application—viz., to two pipes or a pipe and 
a resonator excited by a fork, and for tones scarcely higher than ut,. 
—(2) The Marey drum is replaced by a caoutchoue membrane 
ferming the bottom of a brass chamber, which is loosely packed with 
bits of retort-carbon and has an insulated cylinder of retort-carbon 
passing through its top. The oscillations of the membrane cause 
variations in an electric current which passes between the cylinder 
and the chamber, and these variations act on a relay by means of 
which they are registered. This is a very sensitive method. The 
shape of the curves obtained depends on the motion of the vibrating 
armature, the action of the spring, and the magnetic action of the 
core. R. E. B. 
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623. Radiation of Electromagnetic Energy in Space. K. Birke- 
land. (Wied. Ann. 52. pp. 357-380, 1894.)—The author first 
recalls Poynting’s expressions for the flow of energy in a medium, 
and gives the name of radiation-vector (“ Strahlenvector ”) to the 


expression : 
J = EH sin(EH)/47A, 


which is the rate of flow of energy per unit of area across the plane 
of EH, in the direction in which a right-handed screw would move 
if turned round, through the smallest angle, from the direction of 
E positive to that of H positive. He then considers the possibility 
of finding some mode of verifying the expression, remarking that 
no ordinary measurements of energy can contradict the theory, 
since they all involve the consideration of variations of amount of 
energy within a closed surface, and the point to be verified is the 
legitimacy of dividing-up the total flow through the closed surface 
into the flow across each elementary element of surface expressed 
by the radiation-vector. The author then discusses the com- 
position of radiation-vectors, noting, what of course is obvious, 
that the radiation-vector due to two pairs of electric and magnetic 
forces E,, H, and E,, H, is not 


BH, sin (B,H,)/47A+5,H, sin (B,H,)/47-A, 


and that in the general case the electric and magnetic forces must 
be compounded separately, and the two resultants E, H used to 
form the vector. He then remarks (as has been done, in fact, by 
other writers) that the most general flow of energy possible is got 
by adding to the surface-integral another, namely, 


ie B dy dz+C dzdx+D da dy), 
where B, C, D are of proper dimensions and fulfil the condition 
0B/d2+0C/dy+dD/dz = 0 


for every point in the space considered, so that this additional 
surface-integral vanishes. The most general form of radiation- 
vector is then taken to be the vector the components of which are 


J, = (B+NY—MZ)/47A, 
Jy= &e. &C., 


where IL. MN, X YZ are the components of the magnetic and 
electric intensities.—The discussion of the question as to what 
choice from the infinite number of possible values of (B, ©, D) 
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is to be made, leads, as may readily be supposed, to no definite 
answer. The author comes to the conclusion that, in order that 
a mechanical definition of the radiation-vector may be framed, we 
must know exactly the whole “inneren Mechanik ” of the electro- 
magnetic field, and that the mechanical conception of energy- 
radiation is inseparable from the notion of potential energy. If 
we were in a position to regard all energy as kinetic, we might be 
able to give a mechanical definition of energy-radiation. 

The rest of the paper is concerned with the proposition that, if 
the most general form of the radiation-vector as defined above is 
only a function of the electric and magnetic forces, without any 
additive constant, Poynting’s form of the radiation-vector is the 
only one in agreement with Maxwell’s equations. AOGY, 


624, Ponderelectromotive Forces due to Variations of Electrostatic 
Energy. IN. Schiller. (Wied. Ann. 53. pp. 432-446, 1894.)—The 
object of the paper is the deduction of the electric ponderomotive 
forces given by the theories of Maxwell, Helmholtz, and Kirchhoff. 
The electric energy W is given by the equation 


= ((V¥ {e+ 22) + PY favaye 
W= {\{ a (52) + =) +(5f) de dy dz, 


¢ denoting the electric potential and K_ the dielectric constant 
supposed a function of the coordinates w, y, z. A continuous 
medium is supposed to occupy the field, and to be so connected 
with the bodies considered that the displacements of the latter 
are determined by corresponding changes of the elements of the 
medium. The variation 6W produced in W by a motion of the 
medium whereby the coordinates a, y, z of a point in it are 
changed to #+0w &c. is first obtained. By this motion the value 
of K which characterised the point w—éw &c. is given to #, y, 23 
that is, K is altered by the amount 


dK = —O0K/dx.du— &e., 


and @ at «, y, z in the same way becomes altered by 
dd = —Op/Oxdu— &e. 


At the surfaces of the conducting-bodies which form the surface- 
limits of the volume integration of W the value of @ at a, y, z 
becomes that of the point w—év, &. But a, y, z have become 
x+éa, &c.; so that ¢ at the surface comes back to its old values. 
The conductors therefore remain at constant potential. We have 
then, putting R? for (09/0x)’+&c., and dQ for an element of 


volume, th 
eWade {| ~~ Redo. 
Sir 
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After reduction, this becomes 


-3(\£ R*{cos (nar) da+ &e.} dd, 
Tv 


where » is the normal at the surface-element dS. This gives, by 
consideration of the coefficients of dx, dy, ¢z, the stresses per unit- 
volume for the medium 


Xi Ce ORe Pye ivenee 


and the stresses per unit-area on an element of the surface of the 
conductors, 

K 0g 06 K 

iy ea ee OY (a, CO 

eee 


The resultant force on the surface is thus 
K/82r(0¢/dn)”, 


and is directed from the element towards the medium. At the 
surface of separation of two media the resultant force F, the 
normal component F,, and tangential component I's in the medium 
to which the quantity K belongs, is given by 


eo Sey es Se Sé_yR)| _ K d¢ d¢ 
Pes B, P= = | (St 1B)  F,= Ko 0 


with similar formulas for the other medium with the quantities 
K',n' substituted for K,”. Using the ordinary surface-conditions, 


K 0¢/on—K’' 0¢'/on' = 0, R®—R* = (0¢'/0n'/’—(09/8n)’, 


the tangential stresses F,, F',’ are found to be equal, and the 
resultant of F,F’ is a normal to the element of surface, and of 


amount 
4 IR ESIK K—K’' O¢ 2 
Yo eRe Jae 
van Sa { e kK’ .. 


A similar formula holds when one of the media is simply ether, 
By a transformation, in which éW is expressed wholly in yolume-' 
integrals, the well-known Maxwellian system of stress in the 
interior of the dielectric is arrived at. 

The author by similar processes, introducing the special hypo- 
theses, obtains v. Helmholtz’s and Kirchhoff’s systems of stress in 
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the medium. These special hypotheses are, respectively, that the 
value of K is affected (1) by a change of density resulting from 
the space-variation of the displacements dx, dy, dz; and (2) the 
alteration of dimensions of an element of the dielectric along and 
at right angles to the lines of force. A. Gy. 


625. Relation of the (Electric) Equipotential Lines to Magnetic 
Lines of Force. La, Boltzmann. (Wied. Ann. 51. pp. 550-558, 
1894.)— This paper is a discussion of views put forward by Prof. 
E. Lommel (Wied. Ann. 48. 49. 50. 1893), in which the equi- 
potential lines in a current-sheet were shown to be apparently 
coincident with the lines of force, and are made visible by strewing 
iron filings upon the plate. Boltzmann states that it might appear 
that, according to Maxwell’s theory, the magnetic force at any 
point of a body carrying currents is conditioned only by what is 
going on in the body in the immediate neighbourhood, and that 
therefore it might be, concluded that the lines of magnetic force at 
any place depend wholly upon the tubes of flow at the point con- 
sidered. This, however, he points out would be an error, since the 
currents at and near the point considered only lead to a differential 
equation for the magnetic force, and that the equipotential lines 
and the lines of magnetic force depend upon boundary conditions 
which are essentially different in the two cases. He considers a 
current-sheet of which the tangent-plane at the point considered 
is the plane of x, y, and the direction of flow at the same point in 
the direction of a. From the ordinary equations, 


Oy 038 Oz Oy OP a) 
4 v) = _ — Se 7 
n(u, Uy U ) os dz’ az Ou” av Oy 
where @, 3, y are the components of magnetic induction, he shows 
that, since «, (3, y (the plate being thin) vary very much more 
quickly in the direction of z than in any direction in the tangent- 
plane, and v and w are each zero, 


ray ee a, = = : 
B,—-pi = 4x \udz, a=4, Y= Yp 


where the suffixes 0, 1 refer to the two sides of the plate. Thus 
there is a difference 3,—/3, on the two sides of the plate, which is 
at right angles to the direction of flow and in the tangent-plane, 
and is therefore coincident in direction with the equipotential lines 
for the current. If then the remaining force-com ponent of magnetic 
force be in the direction of z, the resultant magnetic force will be 
at right angles to the lines of flow, and the component in the plate 
will be at each point along the equipotential line there. This con- 
dition may be taken to be fulfilled when the plate is plane. 

The author then proceeds to show that if a surface or a body in 
which a system of currents exists have a plane of symmetry with 
regard to which also the stream-lines are symmetrical, this plane 
must itself be a current-sheet, and the lines of magnetic force will 
be at right angles to the plane, and refers to the case of surfaces 
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and solids symmetrical about an axis, and carrying currents the 
stream-lines of which are meridian curves along the surface or 
coaxial surfaces, and the lines of magnetic force are parallel circles 
in planes perpendicular to the axis. Hence he concludes that 
Prof. Lommel’s proposition as to the coincidence of lines of mag- 
netic force and equipotential lines cannot be upheld. 

The remainder of the paper is devoted to a criticism of Prof. 
Lommel’s views, contained in the papers referred to, as to the 
origin of the Hall phenomenon. A. GX: 


626. New kind of Rays in Electrie Sparks. E. Wiedemann. 
(Zschr. f. Elektrochemie, 8. pp. 159-162, 1895.)—-Many substances 
glow when warmed, but lose this property after being once heated. 
They regain it, however, if an electric spark passes in their neigh- 
bourhood. The author investigates the nature of the rays that 
give rise to this effect. A plate of a substance permeable to 
ordinary light but not to the ultra-violet rays stops the effect. In 
order to find whether it is the ultra-violet rays or not that restore 
the power of glowing, a layer of the substance rendered insensitive 
by heating is half covered by a quartz or fluorspar plate, and a series 
of sparks passed near it. Most substances show no difference 
between the covered and uncovered parts, but calcium sulphate 
containing a trace of manganese sulphate, and a few similar 
mixtures, are found to be rendered sensitive where they are un- 
covered, but to remain insensitive where they are covered. Hence, 
since the fluorite plate does not cut off the ultra-violet rays it 
cannot be these that give the effect. The author concludes that 
the spark gives out a new kind of radiation to which fluorite is 
opaque. Similar results are obtained when the discharge through 
a gas at low pressure is used instead of a series of sparks. The 
author is still investigating the properties of these rays and intends 
to publish an account of his experiments in Wiedemann’s Annalen. 

ithe Be J. Wee. 

627. Static and Dynamic Discharge-Potentials, R. Swyn- 
gedauw. (C. R. 121. pp. 118-121, 1895.)—A spark can be 
made to pass between two conductors either by joining them to 
the poles of an electrostatic machine, or by putting them in con- 
nexion with a wire along which a discharge passes. It has 
generaliy been assumed that the same difference of potential 
between the conductors causes the spark to pass in the two cases, 
but M. Jaumann has recently called this in question (Sitz. Ber. 
Wien. Akad. 1888, p. 765). The author uses two pairs of con- 
ductors, E, E, and N, N,, E N, being joined by a wire, as also 
ure E, N,. The distances are adjusted so that when HE, and N 
are joined to one pole of a Herz machine and H, N, to the other, 
the spark just passes at say H, B,,and not at N, N,. If, now, the 
conductors are charged dynamically by placing them in a circuit 
containing a condenser and a coil of high self-induction, the spark 
still passes at E, E, by preference. Similarly, if in the first case 
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it passes at N, N,, it does so also in the second case, this being so 
whatever the forms of the conductors or however near the spark is 
to passing equally easily at both gaps. It is hence concluded that 
the above proposition is probably true. J. W.C. 


628. Vibrations of a Tuning-Fork in a Magnetic Field. Mau- 
rain. (C. R. 121. pp. 248-250, 1895.)—With the axis and 
plane of vibration of the tuning-fork parallel to the magnetic 
field, the number of vibrations diminished 3°8 per cent. when the 
field was strengthened up to 6350 c.a.s. units. With the axis 
and the plane of vibration perpendicular to the field, the pitch 
rose 0°75 per cent. with a field of 6350 units. With the axis 
parallel to the field, the pitch rose 0°38 per cent. for a field of 
1090 units. A number of different results for different strengths 
of field are given in the paper. In the first set of experiments, 
where the variations were greatest, a well-marked effect of 
hysteresis was observed, the lowering of the pitch for the same 
field was greater with a falling magnetising current than with a 
rising one. When the vibrations are deadened so much more 
rapidly when the field is stronger, the deadening is due to the 
Foucault currents, which tend to oppose the movement. A. P. T. 


629. Conductivity of Permanganic Acid. J. M. Loven. 
(Zschr. phys. Chem. 17. pp. 374-3876, 1895.)—The author pub- 
lished four years ago a series of measurements of the conductivity 
of permanganic acid. These values are higher than those recently 
published by Francke (Abstract 464). To obtain the high values 
it is necessary to use electrodes with very little platinum black, as 
this finely divided metal decomposes the permanganic acid. S.8. 


630. Electric Constants of Water. G. Goure de Ville- 
montée. (J. Phys. 4. pp. 293-301, 1895.)—The article is to a 
large extent a summary and criticism of work done on the difference 
of potential at the contact of liquids with metals since the time of 
Volta. Taking special regard to water, the experiments of the 
author show the important influence of impurities due to the 
vessel which holds the water, the immersion of the metal ex- 
perimented with, &c. A. Gs. 


631. Electromotive Force of Clark, Gouy, and Daniell Cells. C. 
Limb. (C. R. 121. pp. 199-200, 1895.)—The method for 
measuring the absolute value of the E.M.F. of the cells is that 
described by the author to the Academy, 28th May, 1894. It 
gives the following values at 0° OC. :— 


Vari LO at) sc. mone eee 1°4535 \ 
Gouy (Journ. de Phys. 1888).. 1:3928 + true volts. 
Daniell, Fleming’s type...... 1:0948 


Lord Rayleigh found in 1884 the number 1°4527 true volts at 0° 
for the E.M.F. of a Clark. 8. 8S. 


388 PILYSICAL SOCIETY'S ABSTRACTS. 


(Recent measurements, 1892, by Mr. Glazebrook and the 
abstractor gave 1°4842 true volts at 15° for a Board of Trade 
pattern Clark, and reducing this to 0° C. with the coefficient 00076 
found by the same authors, the result 1:45V5 is obtained. Now 
the H form of cell is usually lower than the Board of Trade 
pattern by about -0004 volt, and this would require the H pattern 
to have an E.M.F. of 1:4501 true volts at 0°, if it is assumed that 
the temperature coefficients of the two patterns are the same. 
The result of C. Limb is 0031 volt higher than this. 8. 8.] 


632. Recent Photographs of Lightning. IN. Piltschikoff. (C. R. 
121. pp. 250-251, 1895.)—The author names three types of 
flash—‘“‘band-lightning, tube-lightning, and waterspout-lightning” 
(éclair-tube, éclair-bande, éclair-trombe). He finds the first 
two in all storms, the third once only. From the measured 
width of the band-lightning on photographs, and the computed 
distance, he estimates the actual widths at from 12 to 62 metres. 
(Cf. B. A. Report, 1891, pp. 186-137.) NP ae. 


633. Seat of the Electromotive Force in a Voltaic Cell. W. 
Ostwald. (Zschr. Elektrochemie, No. 7. pp. 123-132, 1895.)— 
A lecture on the history and modern views of the seat of the 
E.M.F. in a cell. S. 8. 


634. Static and Dynamic Potentials. R. Swyngedauw. 
(C. R. 121. pp. 195-198, 1895.)—This paper is a continuation of 
that described in Abstract no. 627. According to Jaumann the 
explosive potential is lower the more rapidly a conductor is charged. 
To test this the author connects a pair of conductors with a con- 
denser, which he charges slowly till a spark passes, and observes 
the difference of potential necessary to cause the discharge. Next 
he charges the condenser again up to very nearly the same 
potential, and by allowing a spark to pass in a circuit connected 
with the first he abstracts enough electricity to charge a second 
condenser of small capacity, thus causing a small but rapid change 
in the difference of potential between the two conductors. He 
finds that this never causes a discharge to pass, provided the con- 
ductors are screened from ultra-violet light, and hence concludes 
that Jaumann is wrong. Ultra-violet light has a greater effect in 
lowering the dynamic than the static discharge potential, and the 
author thinks that Jaumann was misled through neglecting to 
screen his conductors. J Wie Ge 

635. Residual Charge. A. S. Dunstan. (El. World, 26. 
pp. 3-4, 1895.)—The rate of growth of residual charge for a mica 
condenser is measured by an electrometer, in conjunction with a 
Duboseq chronograph. The condenser is first charged for a 


oe 
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definite time, and then discharged for a definite time, after which, 
at successive time-intervals, the potential difference at the con- 
denser terminals is noted. Curves are given showing the way in 
which the residual charge varies with the E.M.F. of the charging 
battery ; they exhibit a general similarity of forms with all E.M.F.s, 
but the slopes are steepest in those curves which correspond to 
the higher E.M.F.s of charging. This means that the residual 
charge which follows upon a charge of high E.M.F. attains a given 
fraction of its maximum value in a shorter time than the residual 
charge following upon a lower E.M.F. The maximum value is 
directly proportional to the E.M.F. of the charging battery; this 
agrees with the result found by Hopkinson for glass. The effect 
of reversals was examined as follows :—For a determined number 
of seconds the condenser was charged in a certain direction, called 
“negative,” it was then short-circuited for a known time, after 
which it was given a “ positive” charge of definite duration; it 
was then again short-circuited for a known time, and, finally, the 
rate of growth of the residual charge was observed. It is found 
that although the total residual charge is diminished by the 
“negative” preliminary charge, the rate of development of the 
residuum is increased by the process. R. A. 


636. Remarks on Mack’s Article on the Double Refraction of 
Electrical Rays. W. von Bezold. (Wied. Ann. 54. pp. 752— 
754, 1895.)—In his paper Mack mentions the experiments of 
Starkl on the different beat conductivities of wood in directions 
parallel and perpendicular to the fibre as having given rise to his 
research, The author in 1871 discovered a similar property of 
wood for electrical rays. The Lichtenberg figures formed on a 
plate of wood cut parallel to the fibre, were found to be elliptical, 
as they are on doubly refracting crystals. These figures, however, 
have far less eccentricity than those produced by Sénarmont’s 
method; but while the latter have their major axes in the direction 
of the fibre, those of the Lichtenberg figures are perpendicular to 
this direction. The author suggests the continuance of the ex- 
periments with a view to elucidating these peculiarities. He 
found the Lichtenberg figures were best produced by sprinkling 
lyeopodium powder on the polished plates, and passing a discharge 
directly from an influence-machine (without condensers) through 
them. The double refraction of electrical rays may be shown 
otherwise than with wood. A vulcanite plate will give ellipses, if 
rendered anisotropic by sticking narrow parallel strips of tinfoil 
on the under side: the eccentricity is increased by connecting the 
ends of the strips together along the edges. Probably any series 
of conductors, or even dielectrics with a different constant, 
similarly placed in any dielectric would form a doubly refracting 
body for electrical waves of suitable length, and by an appropriate 
arrangement a circularly polarising body could no doubt be 
produced. toda: ..D. 
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637. Theory of Dispersion. FR. Reiff. (Wied. Ann. 55. 
pp. 82-94, 1895.)—Helmholtz assumes that the rapid electric 
oscillations which constitute light set in vibration the atoms (ions) 
of the medium through which they pass, such vibration being 
opposed by a frictional resistance. The author discusses this 
theory, and extends it so as to include the case of ions possessing 
any finite number of periods of vibration. He then shows that it 
furnishes a relation between the greatest length of ether-wave to 
which any ion can respond and the electric charge of the ion. In 
the cases of quartz and fluorite the theory gives values which are 
not inconsistent with those obtained by experiment. A Des © 


638. Mean Values of the Magnetic Elements of the Harth. A. de 
Tillo. (C. R. 121. pp. 97-100, 1895.)—The author finds that 
the mean values of the magnetic elements taken all round a 
parallel of latitude are such as would be given by a magnet within 
the centre of the earth placed with its axis coinciding with the 
axis of rotation of the earth. If ¢ is the latitude, H the-hori- 
zontal, and V the vertical component of the earth’s magnetism, T 
the total force, P the magnetic potential, and @ the dip, 


H=H, cos ¢ 
P=H,sin@ 
V=2P 
tan @=2 tan? 
H W 


~cos@ sing’ 
The value for the constant H,, which gives values agreeing best 
with the true values, is 0°328 c.4.s. See also Abstract 182, 
p: 84. W. W. 
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639. Solubility of some Organic Compounds in Carbon Bisulphide 
at Low Temperatures. Arctowski. (C. R. 121. pp. 123-125, 
1895.)—According to Etard, the curves of solubility and tem- 
perature for substances dissolved in liquids other than water, are 
hyperbolas passing through the points of fusion of the solvent and 
the dissolved substance respectively. Etard considers the solubility 
to be zero at the former and infinite at the latter of these tem- 
peratures ; but Alexejeff has shown that the substances cease to 
be miscible in all proportions at a temperature which is not the 
melting-point of the less fusible one. The author has investigated 
the conditions of zero-solubility for the case of carbon bisulphide. 
He finds that at its melting-point (—115° C.) this liquid can dis- 
solve appreciable quantities of many substances both organic and 
inorganic. The solubility-curves of triphenylmethane, naphthalene, 
and diphenylamine were plotted fox temperatures between —80° C. 
and —117° C.; these show no tendency to intersect the line of 
temperature, but apparently approach it asymptotically. It is 
therefore concluded that substances possess the power of diffusion 
at temperatures below their freezing-points, just as they are able 
to give off vapour at such temperatures. It follows that the tem- 
perature of fusion is not a point of special importance in the 
solubility-curve. A jpael O& I 


640. Valency of Mercury in Solutions of its Salts, Part I. W. 
Bolton. (Zschr. f. Elektrochemie, 5. pp. 73-79, 1895.)—The 
weight of mercury deposited by a measured quantity of electricity 
gives the valency of the mercury in the solution electrolysed. The 
author employed a mercury-voltameter, suggested by Ostwald, to 
measure the current. It consists of two glass cups about 1 ecm. 
wide in a solution of ;4; normal mercurous nitrate,in which the 
metal is absolutely univalent. The mercury is dried after use by 
filter-paper and by running it along a trough of filter-paper 
The voltameter appears to be reliable and handy, on account of the 
high atomic weight of the metal, and the facility of purifying it ; 
with a moderate current 5 or 10 minutes is sufficient to deposit a 
weighable amount, and either anode or cathode can be weighed. 
Such a voltameter was put in series with a similar vessel containing 
normal potassium iodide with a variable amount of mercuric iodide. 
It was found that when the latter salt was of 34 or more the 
strength required to form the complex K,Hgl,, it was strictly 
divalent ; but in weaker solutions less mercury is deposited : with 
concentration ;1, the weight of mercury in the experimental cell 
was only 1/153 that in the voltameter. Weaker solutions give off 
hydrogen. ‘The potential differences between the electrodes and 
the solution were measured by means of Ostwald’s normal elec- 
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trode ; for the stronger solutions these are constant ; while as the 
dilution proceeds the polarisation at the anode diminishes somewhat, 
and that at the cathode increases considerably. his is in ac- 
cordance with Ostwald’s view that the polarization depends only 
on the number of ions of the same kind as the electrode itself; the 
number is, of course, increased at the anode by the passage of a 
current, and decreased at the cathode. But disturbance of the 
normal distribution only becomes appreciable when the whole 
number in solution is small, and when the number is sufficiently 
reduced, less energy is required to discharge one of the numerous 
potassium (or practically hydrogen) ions than a mercury one; so 
hydrogen is evolved at the cathode. Ky Ade 


641. Volumes of Salts in Aqueous Solutions. La. de Bois- 
baudran. (CO. R. 121. pp. 100-102, 1895.)—Certain ainmonium 
salts, notably the chloride, undergo dilatation when dissolved in 
water at ordinary temperatures, thus forming exceptions to the 
general rule that the volume of a solution is smaller than those of 
its constituents. The author suggests that the ammonium salts 
occupy the highest place in a continuous series at the lower end of 
which are those salts which give rise to the greatest contracticn. 
Change of volume during solution depends on (1) the dilatation or 
contraction which would take place if the salt were fused at the 
temperature of the experiment without decomposition, (2) the 
contraction arising from the combination of the salt with the 
solvent, which increases with increasing dilution or with decrease 
ot temperature. At 15° C. ammonium chloride always expands 
when dissolved in water; but at 0° C. a slight contraction takes 
place in dilute solutions. Similarly hyposulphite of soda contracts 
enormously at 15° C. in dilute solutions, but it expands in con- 
centrated solutions. The author gives curves showing the be- 
haviour of ammonium chloride, sodium acetate, and sodium 
hyposulphite respectively. J. ke Eh, 


642. Atomic Weight and Valency. C. J. Reed. (J. Frank. 
Inst. 835. pp. 68-76, 1895.)—Oxygen is taken as an arbitrary 
standard of valency, by assuming that in combination it is always 
an electro-negative dyad. The valency of other elements is 
determined in any particular compound by further assuming that 
the algebraic sum of the affinities in a molecule is always zero. It 
is shown that a remarkable relation exists between the electro- 
chemical affinity and the atomic weight of an element, the valency 
being an equi-crescent rotary, or helical function of the atomic 
weight. Points are located in a plane for each of the elements, 
abscisse being taken proportional to atomic weight and ordinates 
proportional to valency. LElectro-positive valency is measured 
upwards, and electro-negative valency downwards. Most of the 
elements, especially those of low atomic weight, fall on a peculiar 
series of double, equidistant parallel lines, separated alternately by 
distances of one and sixteen units of atomie weight. But this 
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regularity is not maintained among the elements of higher atomic 
weight, and the elements from Ru to Te exhibit a diagonal move- 
ment from one pair of parallels to the next. By bending the plane 
into a cylinder, having a circumference equal to eight units of 
valency, the parallels are all united into a double helix. The axis 
of abscisse forms an element of the surface of the cylinder, and 
the axis of ordinates becomes a circle of the cylinder ; valency, 
now measured in angular measure, is directly proportional to 
atomic weight. It is remarkable that all elements which exhibit 
both electro-positive and electro-negative affinities, have a. well- 
defined positive and a well-defined negative valency, which differ 
by 8 units. The double helix, which may be called the locus of 
elements, cuts the axis of atomic weights at fifteen points. This 
suggests that there should be a group of fifteen elements having a 
valancy of 0 or 8. The members of this group which are most 
likely to be found in terrestrial matter are those having the atomic 
weights 4, 20, 36, 52, 84, 132, and 196. The author states 
generally the properties which these elements may be expected to 
possess. He assumes that argon fills one of the vacant places with 
an atomic weight of 20 (in fact the paper is entitled ‘ Reasons for 
Predicting the Existence of Argon ”). D. E. J. 


643. Combination of Argon with Carbon Bisulphide. Berthelot. 
(C. R. 120. pp. 1816-1319, 1895.)—The electric discharge deter- 
mines a more complete combination of argon with carbon bisulphide 
than with benzene vapour. The absorption is accompanied by a 
fluorescence visible in daylight. After the absorption, mercury 
sulphoevanide was proved to be absent from the product. On 
heating the product, the argon is liberated, whereas in the same 
experiment, using nitrogen, no gas was evolved. That argon 
is regenerated from its combination with the carbon bisulphide 
was proved by examining spectroscopically the fluorescent pheno- 
mena of the liberated gas when sparked in the presence of pe 


644. Constituents of Cleveite Gas. OC. Runge and F. Paschen. 
(Berl. Ber. 34. pp. 759-763, 1895.)—The authors have prepared 
better Geissler tubes containing fewer impurities, and giving the 
lines of the gas itself with greater brilliancy. They have investigated 
with the bolometer the ultra-red part of the spectrum up to 10 p, 
and have also succeeded in making a more satisfactory comparison 
of other lines of the spectrum. A further investigation of the 
“series” of lines (see Abstract no. 569, p. 345) contained in 
the spectrum leads them to conclude that there are two separate 
systems of series ; these they attribute to two separate constituents, 
helium being the constituent which gives the system to which the 
yellow line D, belongs. This is confirmed by the fact that those 
lines of the cléveite spectrum which are always observed in the 
spectrum of the solar chromosphere belong all to one of the two 
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systems—viz. the helium system; whereas those lines of the 
second system which have hitherto been observed in the chromo- 
sphere make their appearance, according to Young, much less 
frequently. Chemical considerations suggest that helium is the 
heavier of the two constituents and has an atomic weight of 
about 5, the lighter constituent having an atomic weight of 
about 3. In filling one of the tubes the gas had to pass through 
an asbestos plug. On first opening the stopcock the tube at first 
gave out a green light, and the line 5016 was seen to be as bright 
as the yellow line. The colour gradually changed to yellow, and 
the line 5876 (D,) became much stronger than 5016. This 
entirely agrees with the supposition that the constituent of which 
5016 forms the brightest line is lighter than helium, for the 
lighter constituent would first diffuse through the plug. D. HE. J. 
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